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ABSTRACT 
The rhodium porphyrin amido complex, Rh(ttp)NHS02Ph, was successfully 
synthesized f rom rhodium porphyrin chloride and benzenesulfonamide in the presence 
o f base. Shorter reaction time and stronger base were found to be beneficial, w i th 
K O H found to give the highest rate and yield. 
Rh(ttp)CI + PhS02NH2 C 〈 广 = 又 0 ! q : i v ) Rh(ttp)NHS02Ph 
(3 equiv) 80 C, 3.5 h 猜 
Rh(ttp)NHS02Ph underwent various types o f bond activation, 1) benzylic 
carbon-hydrogen bond activation (CHA) w i th toluene, 2) carbon-nitrogen bond 
activation (CNA) w i th tri-/?-butylamine as wel l as 3) carbon-carbon bond activation 
(CCA) o f d i - ” -buty l ether w i th high selectivity. 
Rh(ttp)NHS02Ph was found to be thermally unstable upon heating to give 
[Rh(ttp)]2 and PhS02NH2. The mechanism o f thermolysis was elucidated to go 
through homolyt ic cleavage. Through equi l ibr ium studies, the Rh(t tp)-NHS02Ph bond 
strength was estimated to be 62 kcal mo l ' ^ 
2Rh(ttp)NHS02Ph 6 0 - 1 1 没 11 [Rh(ttp)]2 + PhSOsNH? 
23% 28% 30% 
V 
摘要 
在驗性條件下，Rh( t tp )C l和苯磺酰胺可以成功地合成铑P卜啉酰胺絡合物 
Rh(ttp)NHS02Ph。較短的時間或較強的驗有助於提高反應速度和產率，氫氧化鉀 
可以以最快的速度提供最高的產率。 
Rh(t tp)NHS02Ph可以以高選擇性活化各種類型的化學鍵 ’如1 ) 可 與 甲 苯 進 
行节基碳氫鍵活化 ’ 2 )可與三正丁胺進行碳氮鍵活化，3 )還可與正丁醚進行碳 
碳鍵活化。 
硏 究 發 現 R h ( t t p ) N H S 0 2 P h 在 加 熱 條 件 下 不 穩 定 ， 會 產 生 [ R h ( t t p ) ] 2 和 
PhS02NH2。機理硏究顯示Rh(ttp)NHS02Ph的熱解是以均裂的方式進行°通過化 
學平衡的硏究，Rh(ttp)-NHS02Ph的鍵強估計爲62 kcal mol'' ° 
vi 
Chapter 1 Introduction 
1.1 Importance of Transition Metal Amido Complexes 
Transit ion metal amido complexes refer to compounds containing NH2 ' l igands 
or its derivatives, such as NHMe" , NMe】’ or N(SiMe3)2", attached to a transit ion metal. 
Figure 1.1 shows the general structural unit o f transit ion metal amido complexes, w i t h 
R and R ' being the same or dif ferent and each is H , a lky l , a lkenyl , a lkyny l , aryl or 
M 'Ra ( M ' = Si, Ge or Sn). Late transit ion metal amido complexes, especially o f the 
4d- and 5d- series, are sparse.' Transit ion metal amido complexes are chemical ly 
interesting due to their important roles in carbon-nitrogen bond fo rmat ion reactions 
and eff ic ient catalysts in organic transformations.， 
M - N ： ^ . 
F i g u r e 1.1 Structural uni t o f metal amido complex 
1.1.1 Transition Metal Amido Complexes as Catalysts 
Transit ion metal amido complexes can act as catalysts for d i f ferent chemical 
transformations. The amido l igand acts as an anci l lary l igand i n these systems. One o f 
the examples is the chelat ion assisted Kumada coupl ing o f Gr ignard reagents w i t h 
aryl halides catalyzed by amido pincer complexes o f n ickel . Bo th ary l and a lky l 
Gr ignard reagents successfully couple w i t h phenyl halides i n the presence o f a 
catalytic amount o f [Ph-PNP]NiCL ( [Ph-PNP] = [N(o-C6H4PPh2)2]") (Scheme 1.1) 4 
1 
導 丨 + x ^ = 二 = 】 = 
R_ = 4-tolyl, Et, "Bu solvent: toluene, THF 44-100% 
X = I . B r 
[Ph-PNP]NiCI = N-NiCI 
S c h e m e 1.1 Catalytic Kumada Coupling by [Ph-PNP]NiCl 
Bifunctional i r id ium amido complex can also catalyze the enantioselective direct 
amination o f a-cyanoacetates to provide the corresponding hydrazine adducts in high 
yields. (Scheme 1.2).^ 
Ms , 
C 6 H 5 丫 … \ 
CN N』。2R C 6 H 5 人 , H 广〇2R 
Ar人CCVBu + Ro C''^ ^ ^ ^ R〇2C,NyC(VBu 
R。2C 0°C.2h NC Ar 
99% 
S c h e m e 1.2 I r id ium amido complex catalyzed amination o f a-cyanoacetates 
1.1.2 Transition Metal Amido Complexes as Reaction Intermediates 
Transition metal amido complexes are often found to be active intermediates in 
different carbon-heteroatom bond formations, such as carbon-nitrogen bond and 
carbon-flourine bond formations. This type o f reaction is important since amines and 
their derivatives are often be used as dyes, surfactants and pharmaceutical agents.^ 
Reported examples o f C -N bond formation involv ing transition metal amido 
complexes include hydroamination o f olefin^ and arylamination.^ In both processes, 
reductive el imination f rom the corresponding amido complex generates the desired 
2 
products. 
Scheme 1.3 shows the proposed mechanism for hydroaminat ion o f olefins. A n 
amido hydrido complex is first generated by the oxidative addit ion o f amine N - H 
bond to the catalyst. Then, insertion o f the coordinated olef in to this complex occurs, 
fo l lowed by product format ion through C - H reductive elimination.^ 
[M] HNR2 
reductive elimination^/ ^^ox ida t i ve addition 
V H A 
insertion 乂 coordination 
^ ^ [M]-NR2 
Scheme 1.3 Proposed mechanism for hydroaminat ion o f olefins 
The proposed mechanism o f the coupling reaction between secondary amine and 
aryl bromide is shown in Scheme 1.4. In this reaction, reductive el iminat ion o f 
transit ion metal amido complex generated by the deprotonation o f a coordinated 
amine gives the desired aryl amine.^^ 
3 
CH3 
- [_ (Ar)HN八Ph ) - 、Pd ^ ^ /ArBr 
y ^ lz X 
reductive el iminat io i^ \^oxidative addition 
L、 Br 
L z P � r X 3 L , 、 
[ j 9H3 
HO^Bu + NaBr H g N ' ^ P h ^ ^ ^ N 八 P h 
deprotonation “ i 'pd"^ ' ' coordination 
^ NaO^Bu lZ Ar 
L = o-toIsP or BINAP 
S c h e m e 1.4 Coupling o f secondary amine and aryl bromide w i th transition metal 
amido complex as the intermediate 
1.2 Bonding Nature of Late Transition Metal Amido Complexes 
Late transition metal-nitrogen bonded complexes are relatively di f f icul t to 
synthesize compared w i th their early transition metal counterparts.'® This could be 
explained by their bonding nature. Three theories that could be used to explain their 
bonding nature are i) hard-soft acid-base theory, i i ) Ti-conflict theory and i i i ) E-C 
approach. 
Hard-soft acid-base (HSAB) theory suggests that the transit ion metal-heteroatom 
complexes should have weak bonds and are highly reactive due to the mismatch o f 
hard ligand bases w i th soft metal centres." However, there are examples that 
contradict to the H S A B theory. For example, exchange reactions conducted by 
4 
Bergman et al. using complexes o f type (PMe3)4Ru(H)X ( X = H , OAr , N H A r , CHsPh) 
have shown that the relative order o f bond strengths was Ru -H> Ru-OPh> Ru-NHPh> 
Ru-CH2Ph.i2 This is inconsistent w i th the H S A B theory wh ich predicts that the softer 
N-based l igand should fo rm a stronger bond than the harder 0-based ligand.^^ This 
study indicates that H S A B theory is not comprehensive to describe the bonding o f late 
transition metal amido complexes. Besides, this theory only deals w i t h gas phase 
condi t ions , 14 thus an alternative model is required to explain the trend. 
1.2.1 Theory of 7t Conflict 
A molecular orbital approach has been developed to explain the relatively h igh 
bond dissociation energy and high reactivity o f metal-nitrogen bond. 
The Ti-conflict theory suggests that the high reactivi ty o f late transit ion metal 





M, M-N N 
Figure 1.2 F i l led- f i l led 7t-interaction between late transit ion metal and heteroatom 
Early transit ion metals usually have low d-electron counts and possess empty 
d-orbitals o f correct symmetry. These conditions result in the format ion o f 7i-bonding 
5 
lowering both the energy o f the complex and the reactivity o f the heteroatom lone pair. 
On the other hand, in many late transition metals, the appropriate d-orbitals are f i l led. 
Therefore, both n bonding and the tt* antibonding molecular orbital are occupied, 
resulting a repulsive four-electron destabilization wh ich increases the ground state 
energy and makes the heteroatom lone pair more nucleophilic.^^ The Ti-conflict model 
is similar to the f i l led- f i l led interactions which cause weakening o f the N - N bond in 
hydrazines or the F-F bond in d i f l u o r i n e . 
This model can also account for the thermodynamic trends in bonding. The 
stronger metal-oxygen bond than metal-nitrogen bond can be explained by the 
stronger 7i-donating abi l i ty o f nitrogen-based ligands. W i t h less donating oxide 
ligands, the extent o f pTi-dTi repulsion is reduced, thus the M - 0 bond is 
thermodynamical ly more stable. Moreover, aryl substituents on the l igand are 
favoured over the a lky l ones because o f the abi l i ty o f an aryl r ing to delocalize the 
lone pair electron and to lower the energy level o f the h igh- ly ing heteroatom Ti-orbital. 
To conclude, the relative bond energy o f M - X moieties is in the fo l low ing order: 
M - O A r y l > M - O A l k y l « M - N H A r y l > M-NHAlky l . ^ ^ 
However, in the exchange reaction between Cp*Ni (PEt3)NHTol and different 
ani l ido ligands reported by Bergman et al, there was l i t t le difference between the 
equi l ibr ium constants for an aniline containing a para-dimethylamino group (a 
6 
resonance 7i-donor) and one with a meta-dimethylamino group (a weak Ti-donating 
l igand) (Scheme 1.5).^ This could not be explained by the Ti-conflict model wh ich 
predicts that Ti-donating substituents would be much favoured. Therefore a better way 
to interpret relative M - N bond energies is needed. 
Cp*Ni(PEt3)NHTol + XC6H4NH2 - ^！^ ‘ Cp*Ni(PEt3)NHC6H4X + T0INH2 
^e'-'e 
X = p-NMe2, Keq = 0.2 
m-NMe2, /<eq= 1.1 
S c h e m e 1.5 Equi l ibr ium constants for amide/amine exchange 
1.2.2 £"-(7 Approach 
Accord ing to the E-C theory, the bond enthalpy for a covalent bond can be 
separated into electrostatic and covalent components, EaEb and CaCb, respectively. 
Ea and Ca represent the electrostatic and covalent bonding tendencies o f the catimer 
(the posit ive end o f the polar covalent bond), whi le Eb and Cb describe the 
electrostatic and covalent bonding tendencies o f the animer (negative end o f a polar 
covalent bond). Since EaEb and CaCb represent properties o f the formed molecule, an 
addit ional term, TaRb, is needed to describe homolyt ic bond energies, where Ta is the 
transference o f the catimer and Rb is the receptance o f the animer and their product 
describes the energy o f shif t ing charge in neutral radicals to the polar bond in the 
molecule. The bond dissociation energy (BDE) can be described by equation 1.1.'^ 
BDE = EaEB + CACB + TARB (1-1) 
7 
Due to the great difference in electronegativity between metal and the 
heteroatom, a M - X bond is highly polar in nature (Scheme 1.6). The greater the 
electronegativity difference, the larger the coulombic contr ibut ion (larger EaEb), 
resulting in a stronger, yet reactive M - X moiety. 
© 0 ‘ 
M-X ^ ^ M X 
S c h e m e 1.6 Resonance structure o f M - X bonds 
Both the reactivity and the thermodynamic trends o f late transit ion 
metal-heteroatom bonds could be explained by the E-C theory. The nucleophi l i ty o f 
M - X bond can be account by the significant negative charge local ization on the 
electronegative heteroatom. The preference for oxide over amido ligands results f rom 
the higher polar i ty o f the bond which stabilizes the complex. In addit ion, electron 
wi thdrawing groups on X , wh ich favour negative charge on X and increase the bond 
polarity, wou ld stabilize M - X complexes. 
HSAB theory 7r-conflict theory e-C approach 
1963 1986 1998 
Figure 1.3 Evolut ion o f bonding theories for transit ion metal-nitrogen bond 
1.3 Synthesis of Transition Metal Amido Complexes 
A few methods exist for the synthesis o f late transit ion metal amido complexes, 
including transmetallation w i th an alkali metal amide, deprotonation o f coordinated 
8 
amines and hydr ide addi t ion across an organic azide. 
1.3.1 Transmetallation 
The f irst method ut i l izes the transmetal lat ion o f a t ransi t ion metal hal ide w i t h 
alkal i metal amide, M X ( X = CI, F and so on) (eq 1.2). 
LnM-X + LiNRR' ^ LpM-NRR' + LiX (1.2) 
In 1979, the f i rst rhod ium amido complex was prepared by transmetal lat ion 
between a 16-electron rhod ium chlor ide complex and a l i t h i um amide. The use o f the 
bu lky y0-elimination-stable amide [N(SiMe3)2]_ led to the iso lat ion o f the 14-electron 
complex (eq 1.3).'^ 
RhCI(PPh3)3 + UN(SiMe3)2 > Rh(PPh3)2[N(SiMe3)2] + LiCI + PPha (1.3) 
90% 
When (dmpe)2RuHCl (dmpe = l ,2-6/5(dimethylphosphino)ethane) was treated 
w i t h NaNH2, (dmpe)2RuH(NH2) was formed w i t h 81% y ie ld and i t was the f i rst 
characterized monomer ic late transi t ion metal parent amido complex (eq 1.4).^^ 
Me2 CI Me2 Me? NHoMez 
〔 p < 卞 、 p 〕 N H s (/), THF ‘ 〔 p < R | U 、 p 〕 （1.4) 
Me2 H Me2 Mea H Me2 
81% 
Transmetal lat ion o f n icke l f luor ide complex w i t h l i t h i um amide also gave n icke l 
amido complex, the fo rmat ion o f stable and insoluble salt L i F prov ided the d r i v ing 
force for the react ion (Scheme 1.7).'^ 
9 
' P r \ / ' P r i/3equiv. , , O 
r ^ N . .Me Et.N-3HF, f ^ j / F L i N C H s C C H ? ) ? 。 、 ^ P x ^ . ^ n V 
L p MeTHF,-78。C ^Me THF,-78。C ^Me 
'.p/ \ 'pr ' P / 'Pr -LiF i p / V 
S c h e m e 1.7 Formation o f nickel amido complex by transmetallation 
1.3.2 Deprotonation of Coordinated Amine 
The second approach makes use o f the deprotonation o f a coordinated amine to 
obtain late transition metal amido complexes; this process is dr iven by the enhanced 
acidity o f the amino proton after coordination (eq 1.5).^° 
LnM(HNRR,)+ + B ——^ LnM-NRR丨 + BH+ (1.5) 
The successive deprotonation o f the ethylenediamine A^-hydrogen atom o f 
[Rh(en)3]3 w i th KNH2 in l iquid ammonia gave a series o f rhodium amides which were 
21 
all very moisture sensitive (Scheme 1.8). 
K N H 
[Rh(en)3]l3 nHs (/), -70 °C • [Rh(en)2(NH2CH2CH2NH)]l2 
2 KNH2 
3KNH2 -33.5 °C 
NH3 (/), -33.5 °C 
[Rh(en)(NH2CH2CH2NH)2]l 
[Rh(NH2CH2CH2NH)3] 
S c h e m e 1.8 Formation o f rhodium amido complexes by deprotonation o f [Rh(en)3]l3 
Ruthenium parent amido complexes can also be prepared by this method, 
however their solubi l i ty and sensitivity characteristics prohibited their isolation in a 
pure state (Scheme 1.9)?^ 
10 
Cp Cp Cp 
Cy2P、、、R乂CI +AgOTf Cy2P、、、j^ &®NH3㊀OTf "'AgCI c y s P ^ . - H s + A g C I 
^PCy2 ^PCy2 ^PCy2 ^ 
85% 
S c h e m e 1.9 Preparation o f parent ruthenium amido complex by deprotonation o f 
coordinated amine 
1.3.3 Hydride Addition across Organic Azide 
The third approach for the preparation o f transit ion metal amido complexes 
involves hydride addit ion across an organic azide w i th the extrusion o f dinitrogen (eq 
1.6). 
LnM-H + RN3 LnM-NRH + N2 (1.6) 
For examples, the reactions o f p- to ly lazide w i th (bipy)Ni(R)2 (R=Me, Et, bipy = 
2 .2 ’ -b ipyr id ine) and nickelacylopentane complex (bipy)Ni(CH2)4 gave the 
corresponding n ickel ( I I ) amido complexes. In both reactions, dini trogen gas was 
generated as a co-product (eqs 1.7 and 1.8). 
Tol 
.R N3T0I 
(bipy)Ni\ (bipy)Ni, (1.7) 
R - N 2 R 
R = Me, Et R = Me, 95% 
R = Et, 93% 
Tol, 
^ N3T0I 
( b i p y ) N i ^ — ( b i p y ) N i ^ ^ (1.8) 
85% 
11 
1.4 Reactivity of Transition Metal Amido Complexes 
1.4.1 y^Elimination 
Since NR2" is isoelectric w i th an alkyl CRs', late transition metal amido 
complexes share similar decomposition pathway w i th their a lkyl counterparts, for 
example, " -e l iminat ion (Scheme 1.10).24 
V — H - C - — ? — — < 
L n M - X L n M - X L p M - n L p M - H 
X = C R 2 . N R 
S c h e m e 1.10 y^-Elimination o f metal amides and metal alkyls 
/^-Elimination o f late transition metal amido complexes is important as it 
provides a way for the preparation o f late transition metal hydride. L i th ium 
dimethylamide, LiNMe〗，reacts w i th late transition metal chloride to give late 
transition metal amido complexes which rapidly undergo el imination to produce 
25 
late transition metal hydride (Scheme 1.11). 
(PPh3)3RhCI + LiN(CH3)2 - [ ( P P h 3 ) 3 _ C H 3 ) 2 ] — — " ( P P h g h R h H + 々“ 
(PPh3)4RuCl2 + UN(CH3)2 M(PPh3)4Ru[N(CH3)2]CI^ (PPh3)3RuHCI + " /N々 “ 
S c h e m e 1.11 /^-Elimination o f transition metal amides to give transit ion metal hydride 
The first example o f direct observation o f /^-hydrogen el imination in a 
monomeric late transition metal amido complex was reported in 1996 by Hartwig et al. 
In the thermal reaction o f i r id ium benzylanilide, the stable A^-phenyltoluenimine 
together w i th i r id ium hydride was formed in high yield (eq 1.9).^^ 
12 
OC,、PPh3 110 toluene, + ^fPh 
Ph3P'lr’N(CH2Ph)Ph 1-3 h (PPh3)2(C〇)丨rH + ,。、 （1.9) 
H Ph 
95% 95% 
Through y0-elimination o f transition metal amido complexes, a metal-coordinated 
imine complex can also be formed. Methylnickel amido complexes o f type 
[Ni(Me)(ECHRR')(d ippe)] (dippe = l,2-6/5(diisopropylphosphino)ethane, E C H R R ' = 
pyrrol idine, dibenzylamido) are thermolabile and generate the corresponding Ni (0) 
？ 97 
r\ - imine derivatives and methane (Scheme 1.12). 
'.Pr\ /'Pr 'Pr\ 'Pr、/'Pr R 
Me Li-ECHRR' A ‘ CT Mi-" 『，》 n J Nl ^ u N1---II 
Lp， i、F THF. -78 °C E C H R R - -CH4 k p ^ E 
ECHRR’ = NC4H8. N(CH2Ph)2 
S c h e m e 1.12 /^-Elimination o f nickel(II) amido complex to give nickel-coordinated 
imine 
1.4.2 Insertion 
Late transition metal amido complexes are wel l -known to undergo insertion 
reactions w i th various electrophilic agents including carbon monoxide and carbon 
dioxide as wel l as organic compounds like olefins and isocyanates (eq 1.10 and 
Scheme 1.13). 
LnM-NRR' + Z LnM-Z-NRR, (1.10) 
Z = CO2, CO, SO2, S=CNR, 
C H 2 = C 0 , = 
13 
CO . ^ 
I M NR2 





CO2 , X 
iv M-0 NR2 
S c h e m e 1.13 Insertion reaction o f transition metal amido complexes 
The first example o f CO insertion into late transition metal-nitrogen bonds was 
observed in 1985 by Bryndza et al. Carbon monoxide was inserted into the Pt-N bond 
o f (dppe)Pt(CH3)[N(CH2Ph)H] and (dppe)Pt(CH3)(NMe2) (dppe = 
l,2-Z?z^(diphenylphosphino)ethane) to give (dppe)Pt(CH3)[C(0)N(CH2Ph)(H)] and 
(dppe)Pt(CH3)[C(0)NMe2]，respectively in high yields (eq 1.11 and 1.12).^^ 
？H3,CH2Ph CO (3 atm) . . H ^ Z ？ K.^CH2Ph 
Ph2尸-P\t-N、H 二 。 、 P h 2 P - P \ t - C - N (1.11) 
^ P P h 2 25 C 
80% 
CH3 H3C O 
Ph2P-Pt-NMe2 CO ( 3 。 , ) • Ph2P-Pt-C-NMe2 (1.12) 
l P P h 2 25 C 
76% 
Similar CO insertion into the Ru-N bond o f Cp*Ru(dcpe)NH2 (dcpe = 
l,2-6/5(dicyclohexylphosphino)ethane) gave the foramide complex (eq 1.13). 
'^：：^^ + CO THF , (1 
H2N-RLi-PCy2 H2N(0)C-Ru~-PCy2 、. ^ 
C y z P ^ y C y 2 P ^ 
96% 
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One o f the early examples o f insertion o f heterocumulenes (CO2, CS2, RNCO) to 
late transit ion metal amido complexes is the insertion o f electrophil ic acrylonitr i le into 
the Pt-N bond o f hydrido amido complex rra«5-Pt(PEt3)2H(NHPh) to fo rm 
/ra/w-PtH[CH(CN)(CH2NHPh)](PEt3)2, which reductively eliminates 
3-anil i i iopropionate (Scheme 1.14).^^ 
M II 
P E t 3 — C N P E t 3 ^ N H P h 7 0 ° C 4 8 h P E t a ^ N H P h 
H-Pt-NHPh — — — - H - P t X E t 3 P - P t - \ 
Apt CeDe ' . \CN CN 
PEt3 20 °C. 48h PEt3 H 
“ PEt3/ -NHPh CN CN / C N 
山 70。C,48h Et3pz II ； 
h PhHN 
S c h e m e 1.14 O le f in insertion o f acrylonitr i le into p lat inum amido complex 
In 1991, Bergman and co-workers reported that Cp* I rPPh3(NHR)H reacted w i th 
carbon disulf ide to give Cp*IrPPh3(SC(S)NHPh)(H) (eq 1.14).^° 
^ R ' H + S = C : S H E X A N E / 。 严 ^ ^ ^ H S 
'NHPh (200 Torr) - 1 9 6 。 ‘卩卜〗 ^、 入 N H P h 
70% 
Nicke l ( I I ) amido complex also reacts w i th carbon dioxide to give an addit ion 
product. Isocyanate and isothiocyanate also react w i th the amido complex to give the 
corresponding insertion products (Scheme 1.15).'^ 
15 
'Pr\ , 'Pr 1 
斗 〔 N i z O 入 N ) 
-78。C 、p ' 
'Pr, \/pr 
P h N C O , 广 V z N N - ^ 
Lp'Ni、CH3 ^ ^ Lp ,N i L J > 
\'Pr V r 
50% 
/D in NPh 
P 、 / P 「 义 
PhNCS, r " V / S N - ^ 
L / i L y 
\/pr 
45% 
S c h e m e 1.15 Insertion o f heterocumulenes into nickel amido complex 
1.4.3 Reductive Elimination 
Reductive el imination is commonly observed for transition metal amido 
complexes, this process is important for the formation o f carbon-heteroatom bond. 
In 1994, Boncella and co-workers discovered that monomeric PMes-ligated 
palladium amido complex containing an imido substituted aryl group gave 
diarylamine via reductive el imination (eq 1.15).^' 
NR NHPh 
<f y—p 'd -NHPh 80 C , z 丫 ’ +,,pdO" (1.15) 
W PMea ^ ^ 
) = N R 
H厂 79% 
In addition, Hartwig et al. reported that a palladium amido aryl complex 
underwent reductive el imination o f arylamine in high yields (Scheme 1.16 and eq 
1.16).32’33 
16 
V f Y 
N(tolyl)2 80 C 0 
R V \ 9 。 ^ 
// PhH 
9 — ^ 》 合 + pd(pph3)4 
PhgP-Pd-NHPh 87% 
广 ） ' B u H 
UNH,Bu 丨 ^ p / V - f V R ^ + Pd(PPh3U 
PhaP \ 95 C 
90% 
S c h e m e 1.16 Reductive elimination o f arylamine f rom palladium amido compelxes 
\ Ph pph。 
/ d : 25-85 oC.Vsh ' + (1化） 
^ ^ ^ 64-90% 
RR丨=(tolyl)2, HPh, H'Bu 
1.4.4 Bond Activation 
Examples o f bond activation by late transition metal amido complexes are 
l imited. Bergman and co-workers reported that a ruthenium amido complex activated 
the carbon-hydrogen bond in phenylacetylene, 1,2-propadiene as wel l as 




Ph-C三CH r 广 P 、 、 t ' P 、 




III NH9 C 
I^P、、I 2 - P 、 H.C=C=CHp , ^ P - ^ r ' ' ' P ， 
25。C, 3 d, toluene ^ P " ^ 1 ^ P ^ 
H -NH3 H 
73% 
25 °C, 8 h, toluene 1 ^ P ^ 
H 
59% 
S c h e m e 1.17 Carbon-hydrogen bond activation by ruthenium amido complex 
1.5 Structural Features of Rhodium Porphyrin Complexes 
Since my research work uses rhodium prophyrin complexes, its chemistry is 
brief ly reviewed below. 
Porphyrin l igand is heteroatom marcocycles consisting o f four modif ied pyrrole 
subunits w i th methine linkages (=CH-). It is a tetradentate and dianionic ligand w i th 
an 1871-electron conjugated system. The highly conjugated system results in intense 
absorptions at the visible region which lead to its intense colour.^^ 
X R X 
x ^ S ^ r V x 
W N h n ^ 
K N H N 八 
X R X 
Figure 1.4 General structure o f porphyrin 
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Electronic and steric properties o f porphyr ins can be mod i f i ed at the meso (R) 
and p ( X ) posit ions. Table 1.1 lists some examples o f porphyr ins and their 
abbreviat ion. 
Table 1.1 Examples of Porphyrin and their Abbreviation 
Abbrev ia t ion Porphyr in X R 
H2(oep) Octaethylporphyrin Ethy l H 
H2( tmp) Tetramesitylporphyrin H 2，4,6-(CH3)C6H2 
H2(tpp) Tetraphenylporphyrin H CeHs 
H2(ttp) Tetratolyporphyrin H 4-CH3C6H4 
The four n i t rogen atoms in the porphyr in l igand are planar, w i t h diagonal radi i to 
the centre o f the macrocycle equal to 2.098 k } 。 T h i s a l lows for the coordinat ion o f 
d i f ferent metals. Meta l loporphyr ins can be formed by replacing two inner pyrro le 
protons by a metal ion (eq 1.18).^^ 
M - + H2(por) 、meta丨丨二 , ^H^ + [M(por)](n-2)+ (1.18) 
demetallation 
1.6 Examples of Metalloporphyrin Complexes Containing Nitrogen Ligands 
Ear ly examples o f metal loporphyr ins w i t h ni t rogen conta in ing l igands were 
main ly metal nitrene complexes. The f irst nitrene complex o f a meta l loporphyr in was 
reported by Mansuy et al. i n 1982. The complex was fo rmed f r o m the reaction o f 
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Fe(tpp)Cl and l-amino-2,2,6,6-tetramethylpiperidine by an 02-dependent oxidation 
(eq 1.19).38 
\ / I 
� n, ^ ^ ^ Cf^=Fe( tpp) (1.19) 
A"^ 90% 
I ron porphryin nitrene complexes had been proposed to be active intermediates 
o f alkene aziridination by [(tosylimido)iodo]benzene, PhI=NTs (Scheme 1.18).^^ 
CI 
N 、 / C T ^ e ^ \ Phl=NTs 
Y^ Y 
严 乂 、 L ^ i l l J 乂、。 h i 
I 
CI 
S c h e m e 1.18 Catalytic alkene aziridination by [(tosylimido)iodo]benzene using 
Fe(ttp)Cl 
In the 1990s, various metalloporphyrin imido complexes have been reported, 
such as RuV丨0(por)(N'Bu) (por = tpp, t t p广 and Z r ' ^ ( t tp )NAr ' ^ = 
2，6-diisopropylphenyl).4i It was discovered that the z i rconium porphyrin imido 
complex reacted w i t h isocyanate to give an r|^-ureato-N,0 complex (eq 1.20).4i 
N^Bu 
j j 
NAr'Pr „ ArN O 
C ^ + (BUNCO 2 0 - 二 3h , C I ^ = Z r ( t t p ) (1.20) 
32% 
2 0 
Fewer examples o f middle transition metalloporphyrin amido complexes was 
reported, for example Ru'^(ttp)(NH-;?-C6H4Cl)2'^° and Os^^(por)(NPh2)(OH) (por = 
tpp，ttp).42 However, examples o f rhodium porphyrin amido complexes have not yet 
been reported. 
1.7 Bond Activation by Rhodium Porphyrins 
Bond activation by rhodium(II) and rhodium(II I ) porphyrins has been wel l 
studied. Examples o f bond activation by rhodium(II) porphyr in include the 
carbon-hydrogen bond activation (CHA) o f a l d e h y d e , c a r b o n - n i t r o g e n bond 
activation (CNA) o f isocyanides^A as wel l as methane activation (eq 1.21-1.23).'^^ 
CHA of aldehyde 
p'j On 
[Rh(oep)]2 + (CH3)2CHCH0 工。 "Rh(oep)C(CH3)2CHO + Rh(oep)H (1.21) 
CNA of isocyanides 
[Rh(oep)]2 + 2 CNR 〔 。 > Rh(oep)R + Rh(oep)(CN)(RNC) (1.22) 
^e'-'e 
R = C6H3(CH3)2’ C 4 H 9 
methane activation 
Rh(tmp) + C H 4 •，二C - Rh(tmp)H + Rh(tmp)CH3 (1.23) 
In addition, Chan's group has discovered the carbon-carbon bond activation 
(CCA) o f nitroxides,46a ketones,46b amides,46c esters^ '^^  and nitriles^^'' by Rh丨丨(tmp) (eq 
1.24-1.28). 
2 1 
aliphatic CCA of nitroixde 
� r^ 
70 110oc 
Rh(tmp) + R + n + R benzene • Rh(tmp)R (1.24) 
^ n ^ R = Me, Et 
• >70% 
aliphatic CCA of ketone 
O 
100 °C, 2 d 
Rh(tmp) + I 1 ^ - Rh(tmp)Me (1.25) 
^ PPh3 26% 
aliphatic CCA of amide 
O 
Rh(tmp) + r ^ ^ V ^ N ^ Rh(tmp)Me (1.26) 
PPh3 -40% 
O 
aliphatic CCA of ester 
Rh(tmp) + ^ ISOp二' 1 d • Rh(tmp)Me (1.27) 
Ph O \ 29% 
aliphatic CCA of nitrile 
Me 150 oc 2 d 
Rh(tmp) + M e ^ C N ^ ^ ^ — — ^ Rh{tmp)Me (1.28) 
Me PPn3 
IV 旧 52% 
Recently, Chan's group has discovered the base-promoted benzylic 
carbon-hydrogen bond activation (BnCHA) o f t o l u e n e , C H A o f alkane,"^^ CCA o f 
ethers49 as wel l as C H A o f aldehydes^® by rhodium(II I ) porphyrins (eqs 1.29-1.32). 
2 2 
BnCHA of toluene 
10 equiv of KoCO-j 
_ p ) C I + PhCH3 i 2 0 ° C . 3 0 m i n . N , 、 ( 1 . 2 9 ) 
y / /o 
CHA of alkane 
r ^ ^ lOequivof K2CO3 … 、 / ~ \ 
R _ p ) C I + 120 0c. 6 h. N , 、 ( 1 . 3 0 ) 
59% 
CCA of ether 
R _ p ) l + "Bu,0 二 二 On' - (1.31) 
’ ‘ 2 8 6 % 
CHA of aldehyde 
Rh(ttp)Me + PhCHO 200。C, 0.5 h^ Rh(ttp)C(0)Ph + Rh(ttp)Me (1.32) 
82% 
1.8 Objectives of the Work 
In order to extend the scope o f bond activation by rhodium(I I I ) porphyrin 
complexes, my thesis focuses on the: 
1. Synthesis o f different rhodium porphyrin amido complexes. 
2. Examination o f the reactivity and bond activation chemistry o f rhodium porphyrin 
amido complex. 
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Chapter 2 Synthesis and Reactivity Studies of Rhodium Porphyrin 
Amido Complexes 
2.1 Synthesis of Porphyrin and Rhodium Porphyrin Chloride 
Tetratolyporphyrin (Hbttp) was prepared in 12% yie ld by the tetramerization o f 
pyrrole and 4-methylbenzaldehyde in ref luxing propionic acid (eq 2.1).^^ 
O 
4 f V 4 r r ^ H CH3CH2COOH’ H2ttp (2.1) 
^ N ^ reflux, 30 min ^ ^^o/o 
Rh(t tp)Cl was prepared in 68% yield by ref luxing H i t tp w i t h rhodium trichloride 
in benzonitri le for 3 hours (eq 2.2).^^ 
Hzttp + RhClg xHzO ^ ^ ^ - Rh(ttp)CI (2.2) 
reflux, 3 h „ 
2 68% 
2.2 Synthesis of Rhodium Porphyrin Amido Complexes from Rhodium 
Porphyrin Chloride 
Rhodium porphyr in amido complexes were synthesized f rom Rh(t tp)Cl by i) 










S c h e m e 2.1 Synthetic methods for rhodium porphyr in amido complexes 
2.2.1 By Transmetallation with Lithium Amide 
Transmetal lat ion o f metal complexes w i t h l i th ium amide has been used to 
prepare metal amido c o m p l e x e s . T h e r e f o r e l i th ium benzenesulfonamidate, freshly 
prepared f rom PhSOaNH: and "BuLi，was reacted w i t h Rh( t tp)Cl to produce rhod ium 
porphyr in amido complexes (eq 2.3). 
PhSOzNHz + "BuLi q h * PhS02NH-Li+ 闩乂“个？」。'* Rh(ttp)NHS02Ph (2.3) 
33 
Table 2.1 Transmetallation ofRh(ttp)Cl with lithium salt ofPhSOzNHz 
Entry PhS02NH2:"BuLi :Rh( t tp)Cl Y ie ld /% 
1 1.3:2.0:1.0 29 
2 2.5 : 4.0: 1.0 53 
3 1.3:4.0:1.0 60 
When the ratio o f the l i t h ium amide to Rh(t tp)Cl was 1.3:1, only 29% y ie ld o f 
Rh( t tp )NHS02Ph was isolated after 1 day (Table 2.1, entry 1). Doub l ing the ratio 
increased the y ie ld o f Rh( t tp )NHS02Ph to 53% (Table 2.1, entry 2). The enhanced 
y ie ld is l i ke ly due to the increased amount o f P h S 0 2 N H ' L r generated for more facile 
transmetallation. Increasing the amount o f " B u L i also increased the y ie ld o f 
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Rh(t tp)NHS02Ph to 60% (Table 2.1，entries 1 and 3)，again for more facile 
transmetallation. 
The successful preparation o f Rh(t tp)NHS02Ph by transmetallation, has led to 
the attempted preparation o f other rhodium porphyr in amide by the reaction o f 
Rh(t tp)Cl w i t h various amide anions (eq 2.4). 
HNRR' + "BuLi ——^ LiNRR, ，‘口)。' > product (2.4) , 一 . 、 / x .、-78 °C 6 h r.t., time 
(2.5 equiv) (4 e q u i v ) ⑴ o n 
Table 2.2 Transmetallation of Rh(ttp)Cl with different lithium salt 
Entry Substrate pK^ in DMSO^^ Time Product Y ie ld /% 
_ o 
1 5 T NH 8.3' 5 d Rh(ttp)-N I 32 
o o (3b) 
2 PhS02NH2 16.1 1 d Rh( t tp)NHS02Ph (3a) 53 
o 
3 r j ^^^Y^NHj 23.3 2 d unknowns ---
H 
4 24 2 d unknowns — 
5 PhNH2 30.6 1 d unknowns — 
a pA a^ in water was shown. 
L i t h i um phthal imide also reacted successfully w i t h Rh(t tp)Cl to give the 
corresponding rhod ium porphyr in amido complex, Rh(ttp)(C8H4N02) (3b) in 32% 
y ie ld (Table 2.2，entry 1). However, the rate o f reaction was much slower and the 
reaction completed only after 5 days. When more basic substrates, such as benzamide， 
2-pyrrol idone and anil ine, were used, no rhodium porphyr in amido complexes were 
2 6 
obtained (Table 2.2, entries 3-5). The unsuccessful isolation o f the rhodium porphyrin 
amide is probably due to its instability under the reaction conditions (Section 2.2.2.1). 
2.2.2 By Base-promoted Ligand Substitution Using Rh(ttp)Cl 
A few disadvantages o f transmetallation exist. Firstly, h ighly reactive "BuL i is 
needed. Secondly, the reaction takes a long time. Thirdly, i t is a multi-step process. 
L i th ium salt needs to be prepared separately before reacting w i th Rh(ttp)Cl. 
Previously, Chan's group has reported the base-promoted bond activations o f 
various hydrocarbons using Rh(ttp)Cl.47-49 For example, Rh(ttp)Cl reacts w i th toluene 
in the presence o f K2CO3 to give Rh(ttp)Bn in high yield.*? To our delight, 
Rh(t tp)NHS02Ph was obtained in 56% yield when Rh(ttp)Cl was reacted w i th 
benzenesulfonamide in the presence o f K2CO3 after 1 day at 120 (eq 2.5). L ike ly 
the fair ly active nitrogen-hydrogen bond o f benzenesulfonamide was deprotonated in 
situ to facilitate the l igand substitution. 
R _ p ) C I + P h S O a N H o 。 ^ 。 二 3 二 R h _ N H S 0 2 P h (2.5) 
2 (10equ丨V) N?’ 120 C, 1 d 33 550^ 
2.2.2.1 Optimization of Reaction Conditions 
After the successful preparation o f Rh(ttp)NHS02Ph f rom Rh(ttp)Cl and K2CO3, 
the reaction conditions were further optimized. 
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i) Effect of Reaction Time 
The previously reported late transition metal amido complexes were not 
stable,22’25 therefore the reaction t ime was shortened to min imize decomposit ion o f 
Rh(t tp)NHS02Ph upon heating (eq 2.6). 
R _ p ) C I + PhSO^NHo C6H二 K ; 二 3 。 = u i v ) , Rh(ttp)NHS02Ph (2.6) 
2 (10 equiv) ^2, i ^u u, time 3a 
time = 2h, 75% 
= 1 d, 56% 
When the reaction t ime was shorten f rom 1 day to 2 hours, the yield o f 
Rh(t tp)NHS02Ph increased f rom 56% to 75%. This suggests that Rh(t tp)NHS02Ph is 
not stable upon prolong heating. 
ii) Effect of Substrate Loading 
Then, the effect o f different substrate loading was investigated (eq 2.7). W i th 1 
equivalent o f PhSOaNH:’ only 20% o f Rh(t tp)NHS02Ph was produced after 2 hours 
(Table 2.3, entry 1). When the substrate loading was increased to 3 equivalents, the 
y ie ld o f Rh( t tp)NHS02Ph increased to 70% (Table 2.3, entry 2). When the substrate 
loading was further increased to 5 or 10 equivalents, the y ie ld o f Rh(t tp)NHS02Ph 
leveled o f f in 78% and 75%, respectively (Table 2.3，entries 3 and 4). Therefore, 3 
equivalents o f PhS02NH2 were used in further preparation. 
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Rh(ttp)CI + PhS02NH2 二 。 3 二 R h ( t t p ) N H S 0 2 P h (2.7) 
2 3a 
Table 2.3 Effect of substrate loading on the preparation of Rh(ttp)NHS02Ph 
Entry Substrate loading (equiv) Yie ld/% 
1 1 20 
2 3 70 
3 5 78 
4 10 75 
i i i ) Effect of Temperature 
Next, the effect o f temperature on the formation o f Rh(t tp)NHS02Ph was 
investigated (eq 2.8). When the reaction temperature was lowered to 80 
Rh(t tp)NHS02Ph was obtained in 74% after 18 hours. Previously, i t was shown that 
Rh(t tp)NHS02Ph decomposed upon prolong heating at 120 As a result, despite the 
lower reaction rate, further reactions were carried out at 80 
Rh(ttp)CI + P h S 0 2 N H 2 C6H6;K2C03(10equiv^ R h ( t t p ) N H S 0 2 P h (2 .8 ) 
2 (3 equiv) N2, temp, time …3a 
temp = 120 °C, time = 2h, 70% 
= 8 0 °C，time = 18 h, 74% 
iv) Effect of Solvent 
It has been reported that late transition metal amido complexes were synthesized 
in polar solvents, such as THF, in high yield/^"'^'^' Hence, effect o f solvent polarity 
on the formation o f Rh(t tp)NHS02Ph by ligand substitution was examined (eq 2.9). 
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R _ p ) C I + PhSO,NH, Rh(ttp)NHSO,Ph (2.9) 
2 (3 equiv) N2，80 C, time 3a 
solvent = CqHq, time = 18 h, 74% 
=THF, time = 1 d, 72% 
Changing the solvent f r o m benzene to the more polar T H F (dielectr ic constant o f 
benzene and T H F are 2.27 and 7.52, respectively)^^ was not benef ic ia l to either the 
reaction rate or y ie ld (eq 2.9). The reaction conducted i n T H F completed after 1 day 
to give Rh( t tp )NHS02Ph in a simi lar y ie ld o f 72%. 
v) Effect of Counter Anion 
When Rh( t tp) I w i t h a more labi le counterion was used instead o f Rh( t tp)Cl , 
R l i ( t tp )NHS02Ph was formed in a lower y ie ld o f 63% after 18 hours. The use o f more 
l iable anion was not beneficial . Therefore, Rh( t tp)Cl was used for the preparation o f 
Rh(ttp)NHS02Ph. 
R _ p ) X + C 6 H 二 沒 ( 1 二 _ , Rh(ttp)NHSO.Ph (2.10) 
X = CI, 740/0 
= I ’ 63% 
vi) Effect of Base 
Since the successful preparation o f R l i ( t tp )NHS02Ph was carried out w i t h 10 
equivalents o f K2CO3, the effect o f di f ferent bases on the format ion o f 
Rh( t tp )NHS02Ph was examined (eq 2.11). 
3 0 
R h _ C I + PhSO^NH^ C 6 H : b 二 ( 1 = u i v 、 R h _ N H S 0 2 P h (2.11) 
2 (3 equiv) N2,80 C, time 3a 
Table 2.4 Effect of base on the preparation of Rh(ttp)NHS02Ph 
Entry Time Base Yield/% 
1 3 d ni l 33* 
2 18 h K2CO3 74 
3 3.5 h K O H 84 
* recovery yield o f Rh(ttp)Cl 
In the absence o f base, no Rli(ttp)NHS02Ph was obtained and 33% yield o f 
Rh(ttp)Cl was recovered after 3 days (Table 2.4, entry 1). When a stronger base o f 
K O H was used instead o f K2CO3, both the rate and yield were enhanced. The reaction 
time was shortened f rom 18 to 3.5 hours and the yield o f Rh(ttp)NHS02Ph increased 
from 740/0 to 84% (Table 2.4, entries 2 and 3). Wi th a stronger base, the rate o f 
deprotonation o f benzenesulfonamide l ikely increases. As a result, the reaction is 
faster. 
2.2.2.2 Substrate Scope 
The optimized conditions for the preparation o f Rh(ttp)NHS02Ph required 80 °C, 
10 equivalents o f K O H and 3 equivalents o f PhS02NH2 using benzene as the solvent. 
3 1 
Rh(ttp)CI + substrate 二 6 二 
2 (3 equiv) N2, 80 °C. 3.5 h ^ 
Table 2.6 Scope of preparation of rhodium porphyrin amido complexes 
p ^ a i n B D E o f N - H 
Entry Substrate Product Y ie ld /% 
DMS054 bond (kcal/mol)56 
O 
^ ^ Rh(ttp)-N T J 





2 PhS02NH2 16.1 105 84 
(3a) 
o 
3 23.3 107 unknowns — 
Rh(ttp)CI 
4 PhNH2 30.6 103.2 P h ‘ 2 15 
(3c) 
a pA^a in water was shown. 
The substrate scope o f the reaction was further investigated using the opt imized 
reaction condi t ions (eq 2.12). Rh( t tp)Cl successfully reacted w i t h phtha l imide to give 
Rh(t tp)(C8H4N02) ( 3 b ) i n 50% y ie ld (Table 2.6，entry 1). For the less acidic 
benzamide, no corresponding rhod ium amido complex was obtained (Table 2.6, entry 
3). The least acidic ani l ine on ly y ie ld the coordinat ion product (PhNH2 )Rh( t tp)Cl (3c) 
in 15% y ie ld (Table 2.6，entry 4). 
The p^a vaules o f the amides can be used to rat ional ize the react iv i ty pattern. 
3 2 
The pKa values o f amide fo l low the order: phathalimide (8.3) < PhSOzNHz (16.1) < 
benzamide (23.2) < aniline (30.6).54 Only the more acidic amides give the rhodium 
porphyrin amides. The deprotonation o f N - H is important. 
In addition, the difference in stability o f rhodium porphyrin amide o f phthalimide, 
benzenesulfonamide and benzamide can be explained by the E-C approach. According 
to the E-C theory, the more polar Rh-N bond is stronger and leads to a more stable 
complex. Thus the more polar Rh-N bond in Rh(t tp)NHS02Ph accounts its higher 
stability than the rest. 
2.3 X-ray Structure of Rh(ttp)NHS02Ph 
The structure o f Rh(ttp)NHS02Ph was elucidated by single-crystal X-ray 
di f f ract ion studies and is shown in Figure 2.1 (30% thermal ellipsoids). Crystal o f 
(H20)Rh(t tp)NHS02Ph was grown f rom toluene/hexane solution. Table 2.5 shows the 
selected bond lengths and bond angles o f this complex. 
The Rh-N(amido) bond length is 2.011 A which is comparable to the Os-NPh^ 
distance in Os(ttp)(NPh2)OH (1.944A) and the R u - N H A r distance in 
Ru(ttp)(NH-p-C6H4Cl)2 (1.956A) reported by Che and c o - w o r k e r s . T h i s suggests 
that the Rh-N bond in Rh(t tp)NHS02Ph is single bond in nature. The rhodium centre 
is displaced f rom the mean porphyrin plane by 0.072A. The dihedral angles between 
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toyl plane and the mean porphyrin plane are 79.1°, 74.0°, 83.6°, and 82.6°. The 
dihedral angles between NC4 pyrrole and the mean porphyrin plane are 5.0。，3.9°, 3.8° 
and 6.6°. The porphyrin structure is slightly distorted and adopts a ruff le form (Figure 
2.2). 
Figure 2.1 ORTEP presentation o f molecular structure o f (H20)Rh(t tp)NHS02Ph 
(30% thermal ellipsoids) 
3 4 
-9.5(5) 4.2(5) 
79.1(2)0 / \ 74.0(0)° 
Tok - 1 2 . 4 ( ^ 6.0(1 j o N ^ ) y T o l 
/ -5.4(4) \ -
[ \ 0.1(4) - 5 . 1 ( 4 ) / ^ 1 6 . 0 ( 5 ) , , }： 
3-9 ⑴。N2 Rh N( 6.6(1)0 厂―\、 - j i _ _ / - : 
11.3(5) k V -6.9⑴ V^0.8(5) : - “ ： ) - 一 - I < ) , V.4(5) -10.6(4) y ^ 、、 / ) / - '、 
3.3(5) -6.9(5) 
Figure 2.2a Figure 2.2b 
Figure 2.2 The conformations of porphyrins in (H20)Rh(ttp)NHS02Ph showing the 
displacement o f the core atoms and o f Rh f rom the 24-atom least squares 
plane o f porphyrin core ( in pm; negative values correspond to 
displacement towards the amido ligands). Absolute values o f the angles 
between pyrrole rings and least-squares plane and angles between to ly l 
substituents and the least-squares plane are shown in bold. 
Table 2.5 Selected bond lengths and bond angles of (H20)Rh(ttp)NHS02Ph 
Bond Lengths/ 人 
R h ( l ) - N ( l ) 2.032(4) Rh( l ) -N(2 ) 2.009(4) 
Rh ( l ) -N (3 ) 2.030(4) Rh( l ) -N(4 ) 2.040(4) 
Rh ( l ) -N (5 ) 2.011(4) N (5 ) -S ( l ) 1.569(4) 
Bond Angles/ deg 
N ( 5 ) - R h ( l ) - N ( l ) 96.26(16) N(2 ) -Rh( l ) -N(5 ) 91.37(17) 
N (5 ) -Rh ( l ) -N (3 ) 86.21(15) N(5 ) -Rh( l ) -N(4 ) 91.08(16) 
S ( l ) - N ( 5 ) - R h ( l ) 133.3(3) 
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2.4 Bond Activation Chemistry of Rh(ttp)NHS02Ph 
W i t h Rh( t tp )NHS02Ph at hand, its bond activation chemistry w i t h dif ferent 
organic substrates at both 60 and 120 were investigated (eq 2.13). A t 60 
Rh( t tp )NHS02Ph reacted w i t h tr i -«-butylamine to y ie ld the carbon-nitrogen bond 
act ivat ion ( C N A ) p r o d u c t " Rh(ttp)”Bu， in 13% y ie ld after 3 days (Table 2.7, entry 1). 
D i -« -buty l ether also reacted to give the selective carbon-carbon bond activation 
(CCA)49 to give Rh(ttp)"Pr i n 10% yie ld after 3 days (Table 2.7, entry 2). On the other 
hand, no reaction was observed for toluene"*^ and hexane"^^ w i t h 70% and 71% o f 
Rh( t tp )NHS02Ph recovered after 3 days, respectively (Table 2.7, entries 3 and 4). 
A t a higher temperature o f 120 the C N A o f t r i -«-buty lamine was also 
observed, both rate and y ie ld were enhanced w i t h 67% y ie ld o f Rh( t tp)"Bu isolated 
after 4 hours (Table 2.7, entry 5). D i -«-buty l ether, however gave, according to the 
N M R spectrum, the C C A product o f Rh(ttp)"Pr and the carbon-oxygen bond activated 
( C O A ) product o f Rl i ( t tp)CO"Pr i n the ratio o f 2:1, together w i t h some unident i f ied 
rhod ium porphyr in species w i t h a total y ie ld o f 50% (Table 2.7，entry 6). Selective 
benzyl ic carbon-hydrogen bond activation ( B n C H A ) o f toluene was also observed at 
120 ""C and 76% o f R l i ( t tp )Bn was produced after 2 hours (Table 2.7, entry 7). 
However, no bond act ivat ion was observed for «-hexane at 120 and 26% o f 
Rh( t tp )NHS02Ph was recovered after 1 day (Table 2.7, entry 8). 
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The above results show that Rh( t tp)NHS02Ph can undergo various types o f bond 
act ivat ion to generate Rh( t tp)R i n moderate yields. 
Rh(ttp)NHS02Ph + substrate ~ t e m p , t ime__^ product (2.13) 
3a N2，dark 
Table 2.7 Bond activation by Rh(ttp)NHS02Ph 
Type o f 
Entry Substrate Temp/°C T ime Product Y ie ld /% 
activat ion 
1 "BusN 60 3 d C N A Rh( t tp ) "Bu (4a) 13 
2 "BU2O 60 3 d C C A Rh(t tp)"Pr (4b) 10 
3 PhCHs 60 3 d — — 70 ' 
4 «-hexane 60 3 d — — 71® 
5 "BU3N 120 4 h C N A Rh( t tp ) "Bu (4a) 67 
Rh(ttp)"Pr (4b) , 
6 "BU2O 120 3 h C C A , C O A 50^ 
Rh( t tp)CO"Pr (4c) 
7 PhCHs 120 2 h B n C H A Rh( t tp )Bn ( 4 d ) 76 
8 -hexane 120 I d — — 26^ 
a recovery y ie ld o f Rh( t tp )NHS02Ph 
b • 
total y ie ld o f 4 b , 4 c and unident i f ied rhod ium porphyr in species 
2.5 Conclusion 
Rh( t tp )NHS02Ph and Rh(ttp)(C8H4N02) were synthesized successfully f r om ( i ) 
the transmetal lat ion o f Rh( t tp)Cl w i t h the l i th ium benzenesulfonamidate and l i t h ium 
phthal imide，and ( i i ) the reaction o f benzenesulfonamide and phthal imide w i t h 
Rh( t tp )C l in the presence o f K O H . 
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Rh(t tp)NHS02Ph activated the carbon-nitrogen bond o f tr i -«-butylamine and 
carbon(a)-carbon(p) bond o f di-«-butyl ether at 60。C. The carbon-nitrogen bond 
activation of tri-^7-butylamine, carbon-carbon bond activation and carbon-oxygen 
bond cleavage o f di-«-butyl ether as we l l as selective benzylic carbon-hydrogen bond 
activation o f toluene by Rh(t tp)NHS02Ph were observed at 120 °C. 
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Chapter 3 Reactivity Studies of Rh(ttp)NHS02Ph 
3.1 Thermal Reaction of Rh(ttp)NHS02Ph in Benzene-^/e 
Chapter 1 already introduces that metal-nitrogen bonded complexes share similar 
bonding features w i th metal-oxygen bonded complexes. Recently, Chan's group has 
discovered that the reductive dimerization o f Rh(ttp)OH generates [Rh(ttp)]2 together 
w i th H2O2 in benzene solvent at 120 (eq 3.1).58 Therefore, the thermal reaction o f 
Rh(ttp)NHS02Ph in benzene-^4 was investigated to probe the expected reductive 
dimerization. 
Rh(ttp)CI + KOH .,Rh(ttp)OH" [Rh(ttp)]2 + H2O2 (3.1) 
(10 equiv) i zu u, u.o n 5 66% 
The thermal stability o f Rh(ttp)NHS02Ph in benzene-t/e in a sealed N M R tube 
was monitored periodically by ^H N M R spectroscopy (eq 3.2). Figure 3.1 and Table 
3.1 show the results. 
2Rh(ttp)NHS02Ph tim二’ 二emp , [Rh(ttp)]2 + PhSOzNHs (3.2) 
3a 5 
60 80 °C H O T 
入 ^ 
1 0 0 乡 ^ ^ ^ ^ ^ ^ — 1 
8 � I 
total Rh y i e l d s 
I 60 - X^ ；；^ 
工 40 - I 
20 niS22I[J — ^ ^ 
[ “ ^ u n k n o t s 
0 • 1 " iH A I I ‘ ‘ ‘ ‘ ‘——‘ 
0 1 2 3 4 5 6 7 8 9 10 11 
time/d 
Figure 3.1 Time prof i le o f the thermal reaction o f Rh(t tp)NHS02Ph in benzene-<i6 
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Table 3.1 Thermal reaction of Rh(ttp)NHS02Ph in benzene-</6 
Yield/% Total 
Temp/ 
Entry Time Rh 
[Rh]NHS02Ph' [Rh]2' Unknowns^ PhSOzNHs 
yield/% 
1 0 100 0 0 0 100 
60 
2 2 d 84 3 0 0 87 
3 0 84 3 0 0 87 
80 
4 1 d 60 9 0 0 69 
5 0 60 9 0 0 69 
6 1 d 43 9 0 16 52 
110 
7 6 d 25 22 10 25 57 
8 8 d 23 28 19 30 70 
‘ [ R h ] = Rli(ttp) 
b Rhodium porphyrin complexes 
Reductive dimerization o f Rh(ttp)NHS02Ph was also observed but the rate o f 
generation o f [Rh(ttp)]2 was slower than that o f Rh(ttp)OH. A t 6 0 。 C , 
Rh(ttp)NHS02Ph was mostly stable, wi th about 84% yield o f Rh(ttp)NHS02Ph 
remained and only 3% o f [Rh(ttp)]2 generated after 2 days (Table 3.1, entry 2). A t 80 
[Rh(ttp)]2 formed in 9% yield and 60% yield o f Rh(t tp)NHS02Ph sti l l remained 
after 1 day (Table 3.1，entry 4). When the temperature was further increased to 110 
16% yield o f PhSC^NH: and 9% yield o f [Rh(ttp)]2 formed after 1 day. In addition, 
the Rh(t tp)NHS02Ph left further decreased to 43% (Table 3.1, entry 6). Af ter heating 
at 110 for 8 days, the yield o f [Rh(ttp)]2 and PhS02NH2 increased to 28% and 30%, 
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respectively. Furthermore, 23% yield o f Rh(ttp)NHS02Ph was recovered (Table 3.1, 
entry 8). To summarize, Rh(ttp)NHS02Ph is thermally unstable above 60 °C 
producing [Rh(ttp)]2 and PhSOiNH�， though in poor yields, but w i th high total 
rhodium porphyrin yields. 
3.2 Mechanistic Studies of the Conversion from Rh(ttp)NHS02Ph to [Rh(ttp)�2 
In the reductive dimerization o f Rh(ttp)OH, H2O2 was formed. However, in the 
reductive dimerization o f Rh(ttp)NHS02Ph, only PhSOiNH: was observed. The 
formation o f PhSOzNH:, instead o f the expected (PhSOiNH):，was puzzling. Further 
mechanistic studies were thus carried out to gain a better understanding o f the 
reaction. 
Scheme 3.1 shows three possible mechanisms for the generation o f [Rh(ttp)]2 
and PhS02NH2 f rom Rh(ttp)NHS02Ph: (A) hydrolysis o f Rh(ttp)NHS02Ph, (B) Rh-N 
bond homolysis - (PhSOzNH)〗 hydrolysis and (C) Rh-N bond homolysis -
(PhS02NH)2 nitrogen-hydrogen bond activation. These proposed mechanisms w i l l be 
explained one by one. 
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Mechanism A (Hydrolysis of Rh(ttp)NHS02Ph): 
Rh(ttp)NHAr + H2O Rh(ttp)OH + ArNH? 
Ar = PhS02 
2Rh(ttp)0H [Rh(ttp)]2 + H2O2 
Mechanism B (Rh-N Bond Homolysis - (PhSC^NH)! Hydrolysis): 
Rh(ttp)NHAr ’ ‘ Rh(ttp) • + ArNH . 
Ar = PhS02 
2Rh(ttp). ^ [ R h _ 2 
(ArNH)2 + H2O ^ ArNHg + ArNHOH 
Mechanism C (Rh-N Bond Homolysis - (PhSOzNHh Nitrogen-Hydrogen Bond 
Activation): 
(i) 
Rh(ttp)NHAr - 、[Rh(ttp)]2 + (ArNH)2 
Ar = PhS02 
(ii) nitrogen-nitrogen 
[ _ p ) ] 2 + (ArNH)2 — a t i o n 、 2 Rh(ttp)NHAr 
(iii) nitrogen-hydrogen (加识卜 Ar 
[Rh(ttp)], + (ArNH), bond activation . + Rh(ttp)H 
Ar H 
S c h e m e 3.1 Proposed mechanisms for the thermolysis o f Rh(t tp)NHS02Ph 
3.2.1 Mechansim A (Hydrolysis of Rh(ttp)NHS02Ph) 
hvdrolvsis 
Rh(ttp)NHAr + H2O — - 一 Rh(ttp)OH + ArNHz 
A r = PhS02 
、〜,dimerization 「〜“‘ ” . • • 2Rh(ttp)0H [Rh(ttp)]2 + H2O2 
S c h e m e 3.2 Hydrolysis o f Rh(t tp)NHS02Ph 
Transit ion metal amido complexes are known to undergo l igand exchange 
reactions w i t h various oxide ligands forming the corresponding transition 
metal-oxygen bonded complexes.】’〕。Thus, we proposed that Rh(t tp)NHS02Ph 
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in i t ia l ly undergoes l igand substitution w i th water to give Rh( t tp )OH and PhSOzNH】. 
Then, Rh( t tp )OH further converts to [Rh(ttp)]2 upon heating (Scheme 3 . 2 ) , Water 
therefore should enhance the reaction rate. Hence, the rate-enhancement by added 
water was tested (eq 3.3，Figure 3.2, Table 3.2). 
2Rh(ttp)NHS02Ph + 2H2O CsD。, t : p • [Rh(ttp)]2 + 2PhS02NH2 + H2O2 (3.3) 
3a (100 equiv) sealed tube ^ 
80 OC 110°C 
人 ^ > ^ 
r N 
100 ) ^ ^^ ^^ ^ I 
8� ^ 一 … total Rh yield 
I 60 - ^ ^ ^ ^ ^ ( t t p ) N H S 0 2 P h 
.芝 40 - “ ^‘ ^ ^ 
PhS02NH2 
20 - unknowns I _ �Rh(ttp)l2 , _ ^ C； 
0 1 2 3 
time/d 
F i g u r e 3.2 T ime prof i le o f thermal reaction o f Rh( t tp)NHS02Ph in CeDe w i t h the 
addit ion o f 100 equivalents o f H2O 
Table 3.2 Thermal reaction of Rh(ttp)NHS02Ph in CePe with H2O 
Temp/ Yield/0/0 Total Rh 
Entry T ime 
[Rh ]NHS02Ph ' [ R h ] / Unknowns^ PhSOzNH】 y ie ld /% 
1 0 100 0 0 0 100 
80 
2 I d 65 5 0 0 70 
3 0 65 5 0 0 70 
4 110 I d 40 10 14 0 64 
5 2d 37 13 12 4 62 
‘ [ R h ] = Rh(t tp) 
b Rhod ium porphyr in complexes 
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Af ter the addi t ion o f 100 equivalents o f EbO，at 80 °C，35% o f Rh( t tp )NHS02Ph 
was consumed after 1 day to give only 5% yie ld o f [Rh(ttp)]2 (Table 3.2, entry 2). 
Both the reaction rate and product y ie ld were similar to that w i thout water (Table 3.1, 
entries 3 and 4). A t 110 °C, the reaction rate and product y ie ld were higher but were 
st i l l s imi lar to that w i thout water (Table 3.2, entries 3 and 4). These results show that 
the addi t ion o f water has no signif icant effect on both the rate and the y ie ld o f the 
reaction. Hence, the proposed mechanism A is ruled out. 
3.2.2 Mechanism B (Rh-N bond Homolysis - (PhSC^NH)� Hydrolysis) 
homolysis 
Rh(ttp)NHAr - ^ Rh(ttp). + ArNH • 
Ar = PhS02 
o 〜 “ 、 d i m e r i z a t i o n ^ 2Rh(ttp) • [Rh(ttp)]2 
(ArNH)2 + H2O ArNHz + ArNHOH 
S c h e m e 3.3 Homolys is o f Rh -N bond fo l lowed by hydrolysis o f (PhS02NH)2 
C O 
Analogous to the reductive dimerizat ion o f Rh( t tp )OH, homolysis o f 
rhodium-ni t rogen bond accounts for the generation o f [Rh(ttp)]2 and (PhS02NH)2 
(Scheme 3.3). Subsequently, (PhSO iNH) ! is hydrolyzed to give PhSOaNH】. 
W i t h the addi t ion o f 100 equivalents o f water, TsNHNHTs reacted at 120 in 1 
day to give TSNH2 in 20% y ie ld and w i t h 63% y ie ld o f TsNHNHTs remained 
unreacted (eq 3.4). The result apparently supports the proposal. However, even in the 
presence o f huge excess o f water and higher temperature, on ly 20% o f T s N H : was 
generated and T s N H N H T s st i l l d id not completely reacted. The rate o f hydrolysis was 
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therefore much slower than the thermolysis o f Rh(ttp)NHS02Ph. Furthermore, the 
slow rate o f (PhS02NH)2 hydrolysis should have allowed its detection. However, it 
was not detected. Therefore, the proposed mechanism B is ruled out. 
TsNHNHTs + H2O ^ ^ ^ TsNHp (3.4) 
120°C, 1 d 
(100 equiv) 
63% 20% 
3.2.3 Mechanism C (Rh-N Bond Homolysis - (PhSC^NH)� Nitrogen-Hydrogen 
Bond Activation) 
(i) homolysis , 
Rh(ttp)NHAr slow • [Rh(ttp)]2 + (ArNH)2 
Ar = PhS02 
(ii) 
[ R _ P ) ] 2 • ‘ 2RH( t tp ) . 
(iii) NNA, major 
[Rh(ttp)]2 + (ArNH)2 - ~ - 2Rh(ttp)NHAr 
/• V M L J A • (ttp)Rh Ar 
[ R h _ ] 2 + (ArNH), ( i v ) 顯 I minor, ;N-N'、 + Rh(ttp)H 
Ar H 
(ttp)Rh、、 Ar (V) _ A 
N — N — Rh(ttp)NAr • + ArNH • 
A/ H 
^ ^ ^ ^ (vi) HAT 
ArNH- H-Rh(ttp) — ArNH? + Rh(ttp) • 
ArNH-\ 
J (vii) HAT 
f Rh(ttp)NAr • + ArNH2 
、？） 
Rh(ttp)NAr 
Rh(ttp)NAr • — ~ d e c o m p o s e 
S c h e m e 3.4 Rh-N bond Homolysis - (PhS02NH)2 nitrogen-hydrogen bond activation 
We proposed that [Rh(ttp)]2 is generated f rom the homolysis o f Rh-N bond o f 
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Rh( t tp )NHS02Ph and P h S O i N H : is formed f rom the ni t rogen-hydrogen bond 
act ivat ion product o f (PhS02NH)2 w i t h [Rh(ttp)]2 (Scheme 3.4). 
i) NNA of(PhS02NH)2 
To ver i f y step i i i o f the proposed mechanism, f i rst the react ion between 
[Rh(ttp)]2 and the sul fonyl hydrazine (TsNHNHTs) was investigated (eq 3.5, Figure 
3.3, Table 3.3). 
[Rh(ttp)]2 + TsNHNHTs 2Rh(ttp)NHTs (3.5) 
(1 equiv) 
5 6 
Total Rh yield 
100 ( j C ^ ^ • • 
80 “ Rli(ttp)NHTs 
� 0 - ^ • 
20 - [Rh(ttp)]2 
0 r ‘ ‘ ‘ ‘ — 
0 50 100 150 200 
time/h 
F i g u r e 3.3 T ime pro f i le o f the reaction between [Rh(ttp)]2 and T s N H N H T s at room 
temperature 
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Table 3.3 Reaction between [Rh(ttp)�2 and TsNHNHTs at room temperature 
Yield/% Total Rh Total N 
Entry Time 
[Rh]2' TsNHNHTs [Rh]NHTs' y ie ld/% yield/% 
1 0 100 100 0 100 100 
2 1 h 94 99 7 101 106 
3 1 d 80 87 21 101 107 
4 2 d 62 77 34 96 115 
5 5 d 42 46 61 103 106 
6 6 d 31 38 69 100 117 
7 9 d 32 42 67 99 109 
a [Rh] = Rh(ttp) 
TsNHNHTs, which is structurally similar to (PhS02NH)2，was synthesized and 
was reacted w i th [Rh(ttp)]2. The reaction proceeded even at room temperature and 
Rh(ttp)NHTs was formed in 69% yield after 6 days w i th [Rh(ttp)]2 remained in 31% 
(Table 3.3, entry 6). Likely, the reaction has reached an equil ibrium. 
There are two possible mechanisms for the reaction to occur. First, [Rh(ttp)]2 
dissociate into Rh(ttp) monomer and attack the N - N bond in a linear transition state to 
form 2 Rh-N bond (Scheme 3.5, mechanism C-ii-1).^^ However, the presence o f 
bulky -S02Ph group on the nitrogen atom should disfavour the Rh(ttp)* attack on the 
nitrogen atom. The sterically di f f icul t termolecular transition state is also entropically 
demanding. This pathway is less probable. Second, a radical chain mechanism can 
operate. [Rh(ttp)]2 f irst dissociates into Rh(ttp)*^° to initiate the chain reaction. Chain 
4 7 
propagation continues. Rh(ttp)* then reacts w i th the N - N bond in the sulfonyl 
hydrazine to form Rh(ttp)NHTs and TsNH- which further reacts w i th [Rh(ttp)]2 to 
give Rh(ttp)NHTs and Rh(ttp)v Lastly, Rh(ttp)« either combine w i th another Rh(ttp)« 
or TsNH* to form [Rh(ttp)]2 or Rh(ttp)NHTs, respectively (Scheme 3.5, mechanism 
C-ii-2).6i 
The fast rate o f the reaction between [Rh(ttp)]2 and TsNHNHTs shows that once 
(PhS02NH)2 is formed, it would react w i th [Rh(ttp)]2. 
Mechanism C-ii-1 
[Rh(ttp)]2 ^ 2Rh(ttp) • 
- -]t 
H Ar 
2Rh(ttp).+ (ArNH)2 hiflh temp一 (ttp)Rh…rlj-fji, iRh(ttp) ^ 2Rh(ttp)NHAr 
Ar H 
Ar = PhS02 
Mechanism C-ii-2 
Initiation [Rh(ttp)]2 ， ^ 2Rh(ttp). 
Propagation Rh(ttp). N -N ^ Rh(ttp)NHAr + ArNH-
A/ Ar 
Ar = PhS02, Ts 
ArNH • (ttp)Rh—Rh(ttp) ^ Rh{ttp)NHAr + Rh(ttp)-
Termination ArNH 广 二 Rh(ttp) Rh(ttp)NHAr 
Rh(ttp) ” Rh(ttp) [Rh(ttp)]2 
S c h e m e 3.5 Possible mechanism o f reaction between [Rh(ttp)]2 and (ArNH)2 
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ii) NHA of(PhS02NH)2 
陣 2 Rh(ttp)NHAr 
major 
i 
[Rh(ttp)]2 + (ArNH)2 —— 
5 Ar = PhS02 NHA (ttP)Rh� ’Ar 
哗 ^ N - N + Rh(ttp)H 
minor . / 、•, 
ii A「 H 
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S c h e m e 3.6 Non-selective bond cleavage o f hydrazine at high temperature 
The thermolysis o f Rh(ttp)NHS02Ph can give [Rh(ttp)]2 and (PhSOzNH)?. The 
absence o f (PhS02NH)2 must be caused by a new reaction. We thus proposed that at 
elevated temperature, both N - N and N - H cleavages o f the hydrazine by [Rh(ttp)]2 
occur (Scheme 3.6). The less bulky N - H bond is cleaved despite its higher bond 
dissociation energy (BDE o f N - H bond and N - N bond in hydrazines are about 80 and 
60 kcal mol]，respectively (Figure 3.4)).^^ A four-centred transition state is probably 
involved during the reaction based on the reported four-centred transition state 
mechanism o f the reaction o f Rh(tmp) wi th CH4 (Scheme 3.7).^^ 
r 
A r ^ N ' H ( t tp )Rh A r 
[Rh(ttp)]2 + (ArNH)2 hip|h temp, (ttp)Rh-N-H"Rh(ttp) ^ N -N + Rh(ttp)H 
A/ A/ H 
(Ar = PhSOs) L 
S c h e m e 3.7 N H A of (PhS02NH)2 at high temperature 
R ^H 
\ ^ ” * hydrazinophenyl sulfone was used as the reference 
M 5 — N 81 kcal mol # tetramethyldydrazine was used as the reference 
p, /59 .6 kcal 
Figure 3.4 B D E o f N - N and N - H bond in hydrazine 
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in) N-N cleavage of the NHA product of the hydrazine 
Since the N H A product contains a Rh-N bond and a relatively weak N - N bond, i t 
is l ikely to be thermally unstable. N - N bond cleavage o f Rh ( t t p ) (NArNHAr ) can occur 
to give Rh(t tp)NAr« and A r N H - (Ar = PhSO!) (Scheme 3.8).^^ 
(ttp)Rh、、 Ar 
N — N Rh(ttp)NAr.+ ArNH • 
Ar, H 
7 
Ar = PhSOa 
S c h e m e 3.8 N - N cleavage o f N H A product at h igh temperature 
iv) Formation of PhSChNH〗 
ArNH2 probably forms f rom the reaction between A r N H * and Rh(t tp)H or 
Rh( t tp )NHAr (Ar = PhS02). Exothermic hydrogen atom abstraction f rom Rh(t tp)H by 
A r N H * l ike ly occurs and generates ArNH2 and Rh(t tp). (Scheme 3.9, pathway i ) ? 
The process is thermodynamical ly favoured since the stronger PhSOsNH-H bond (105 
kcal mori)56 is formed whi le the weaker ( t tp)Rh-H bond (60 kcal m o l - i f is cleaved, 
^ (i) 
ArNH. H-Rh(ttp) ^ ArNH? + Rh(ttp). 
Ar = PhS02 8 
ArNH. \ 
) (ii) ‘ 
f ^ Rh(ttp)NAr. + ArNH2 
、？） 
Rh(ttp)NAr 
S c h e m e 3.9 Formation o f PhSO^NH? f rom PhSC^NH* 
Alternat ively, hydrogen atom abstraction can occur at the N - H hydrogen o f 
Rh( t tp )NHAr to fo rm ArNH? and Rh( t tp )NAr . (Scheme 3.9, pathway ii).^^ Hydrogen 
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atom transfer (HAT) occurs at the N - H hydrogen instead o f the aromatic C - H 
hydrogen due to the lower bond dissociation energy o f N - H bond (Figure 3.5).^^ From 
pathways i and i i in Scheme 3.9, pathway i is more favoured since Rh( t tp)H is more 
accessible and the hydrogen atom on Rh(t tp)NHS02Ph is sterically hindered. The 
other nitrogen-centred radical formed probably decomposes under the reaction 
conditions. 
H II / = \ 
H ^ N - S ~ ^ *benzene was used as the refernece 
105 kcal moM ^ 113 kcal moM* 
F i g u r e 3.5 B D E o f N - H bond and aromatic C - H bond in PhSOzNH〗 
v) Incomplete Consumption of Rh(ttp)NHS02Ph 
From Table 3.1 and Figure 3.1，Rh(ttp)NHS02Ph was not completely consumed 
in its thermolysis and 23% yie ld o f Rh(t tp)NHS02Ph remained after heating at 110 
for 8 days (Table 3.1，entry 8). We reason that PhSOaNH! once formed in the 
thermolysis further reacts w i t h rhodium porphyr in complexes, i ) Rh( t tp)H or i i ) 
[Rh(ttp)]2 as both species have been reported to be the intermediate in various types o f 
bond activation.50’57’66 
However, PhSO^NHz did not react w i th Rh(t tp)H even at 120 and Rh(t tp)H 
was recovered quantitat ively (eq 3.6). Thus, regeneration o f Rh( t tp)NHS02Ph f rom 
Rh( t tp)H and PhSOzNH? is not possible. 
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CfiDfi 
Rh(ttp)H + PhSOzNHz 120:。2 J no reaction (3.6) 
8 ‘ recovery yield: 100% 
Then, the reaction between [Rh(ttp)]2 and PhSOsNH〗 was carried out. The two 
species reacted instantaneously at room temperature to give Rh(t tp)NHS02Ph and 
Rh(ttp)H. Af ter 5 days, 60% yield o f Rh(ttp)NHS02Ph and 5% yield o fRh( t tp )H were 
generated. In addition, 32% yield o f [Rh(ttp)]2 and 51% yield o f PhSC^NH: was 
remained (eq 3.7). 
[Rh(ttp)]2 + PhSOzNHz 冗 6 > Rh(ttp)NHS02Ph + Rh(ttp)H (3.7) 
32% 51% I 60% 50/0 
The fast rate and high yield o f the reaction show that once these two species are 
formed, they react to regenerate Rh(ttp)NHS02Ph and leads to its incomplete 
consumption.^^ Rh(ttp)H generated in the process probably reacts w i th the 
nitrogen-centred radical, PhSOsNH•，generated f rom the N H A product o f 
(PhS02NH)2. 
Therefore, the above lines o f evidence support that mechanism C is operating. 
3.3 Implication of Proposed Mechanism C on Synthesis of Rh(ttp)NHS02Ph 
3.3.1 Estimation of Rhodium-Nitrogen Bond Dissociation Energy 
The incomplete reaction o f [Rh(ttp)]2 w i th PhS02NH2 gave Rh(t tp)NHS02Ph 
after 5 days (eq 3.7) suggested that an equil ibr ium has been reached. To test this 
proposed equi l ibr ium, both the forward and backward reaction were studied at room 
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temperature. 
Forward Reaction. [Rh(ttp)]2 reacted w i t h PhSC^NH: to give Rh ( t t p ) N H S 0 2 P h and 
Rh( t tp )H at r oom temperature (eq 3.8, Figure 3.6，Table 3.4). Rh( t tp )NHS02Ph was 
formed instantaneously i n 17% y ie ld (Table 3.4, entry 1). A f te r 2 days, 45% y ie ld o f 
[Rh(ttp)]2 was observed in the system and 56% y ie ld o f Rh( t tp )NHS02Ph was 
generated (Table 3.4, entry 3). The reaction was incomplete even after 5 days. A t this 
point , 32% o f [Rh(ttp)]2 and 51% o f PhSOaNH: were yielded. Rh( t tp )NHS02Ph and 
Rh( t tp )H were obtained i n 60% and 5% yield, respectively (Table 3.4，entry 4). 
[Rh(ttp)]2 + PhS02NH2 CA,「、Rh( t tp )NHS02Ph + Rh(ttp)H (3.8) 
(1 equiv) 
5 3a 8 
120 -- • - — — 
total Rh yield 
100 Ik— • 
i Rli(ttp)NHS02Ph 
I/O - ； i 
40 . ^ PhS02NH2 
^ ^ [RKttSh"“~ 
20 
Rh(ttp.)H 说 I 
0 1 ^ I ‘ '" ‘ ‘ 
0 20 40 60 80 100 120 140 
time/h 
F i g u r e 3.6 T ime prof i le o f the reaction between [Rh(ttp)]2 and PhS02NH2 at room 
temperature 
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Table 3.4 Reaction between [Rh(ttp)]2 and PhSC^NHb at room temperature 
Yield/% Total Rh Total N 
Entry Time/h 
[Rh]2' PhS02NH2 [Rh]NHS02Ph' [ R h ] H ' y ie ld /% yie ld/% 
1 0 82 100 18 0 100 118 
2 2 54 64 44 0 98 108 
3 48 45 56 56 0 101 112 
4 120 32 51 60 5 97 111 
5 144 30 55 60 12 102 115 
a [Rh] = Rh(ttp) 
Backward reaction. To our delight, when Rh(t tp)NHS02Ph was reacted w i t h Rh(ttp)H, 
[Rh(ttp)]2 and PhSC^NH〗 were formed (eq 3.9，Figure 3.7, Table 3.5). Af ter 2 hours, 
16% yie ld o f Rh( t tp)H and 40% yield o f Rh(t tp)NHS02Ph remained and 34% yield o f 
[Rh(ttp)]2 and 25% yield o f PhSOaNH? were obtained (Table 3.5, entry 2). A t longer 
reaction t ime, the four species had reached a constant ratio (Table 3.5, entries 3 and 
4). 
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Rh(ttp)H + Rh(ttp)NHS02Ph「二‘ ^^^ * [Rh(ttp)]2 + PhSOgNHg (3.9) 
8 3a 。6D6 5 
^ — ^ ‘ to taTy ie l^ 
8 0 -
系 6 0 -
会 * PhS02NH2 Rli(ttn^NHSOoPh • 
长 40 ^ 
‘ ‘ Rh(ttp)H 
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time/h 
Figure 3.7 Time profi le o f reaction between Rh(ttp)H and Rh(ttp)NHS02Ph at room 
temperature 
Table 3.5 Reaction between Rh(ttp)H and Rh(ttp)NHS02Ph at room temperature 
Yield/% Total Rh 
Entry Time/h 
[Rh ]H ' [Rh]NHS02Ph' 网 2 ' PhSOiNHz yield/% 
1 0 35 53 12 23 100 
2 2 16 40 34 29 90 
3 48 16 45 30 25 91 
4 72 24 49 27 30 100 
a [Rh] = Rh(ttp) 
Furthermore, the same ratio was obtained f rom both the forward and backward 
reactions. It was concluded that [Rh(ttp)]2 and PhS02NH2 established an equil ibrium 
wi th Rh(t tp)NHS02Ph and Rh(ttp)H. 
It should be noted that a board signal instead o f a sharp doublet was observed for 
Rh(ttp)-H (Figure 3.8). The observed broad Rh(ttp)-H signal is in line w i th a fast 
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exchange in the equil ibrium.^^? 
O、 lO 
o CO o r - rH 2 2 lO ro CO m CN H c\j 
VD O O^  Q Q 
cr» cTi cn CO oo 了了 
\ / I I I [RKttp)]2 I I 
= Rh(ttp)NHSO,Ph / Rh(ttp)H 
t 一 ^Rh(ttp)], R _ p ) H \ 1 / / Z 
t = 2d 
> A_JL 
t = 0 II 
—I—.—I—‘—I—‘—I—‘—I—•—I—‘ ~• • • • I • • • • I • • • ' I • • • • I 
9 . 6 9 . 4 9 . 2 9 . 0 8 . 8 ppm - 3 9 . 5 - 4 0 . 0 - 4 0 . 5 ppm 
F i g u r e 3.8 Selected region o f the ^H N M R spectra o f the reaction between 
Rh( t tp )NHS02Ph and Rh( t tp )H 
Once the equ i l i b r ium has been conf i rmed, the bond dissociat ion energy o f the 
rhodium-n i t rogen bond in Rh( t tp )NHS02Ph can be estimated. The equ i l ib r ium 
constant o f the backward reaction was calculated to be 0.344 based on the yields o f 
Rh( t tp )H, Rh ( t t p ) N H S 0 2 P h , [Rh(ttp)]2 and PhSOsNH: at the equ i l i b r ium (Table 3.5, 
entry 4). 
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Rh(ttp)H + Rh(ttp)NHS02Ph ， ‘ [R_P) ]2 + PhSOzNH? 




_ (27/2) (30) 
‘ ( 4 9 ) (24) 
=0 .344 
Wi th the equi l ibr ium constant in hand, the enthalpy change (AH) o f the reaction 
was estimated by eqs 3.10 and 3 . 1 1 " 
AG = -RT In K (3.10) 
AG = A H - T A S (3.11) 
••• AS ~ 0 
... AG 〜 A H 
In addition, B D E o f ( t tp)Rh-H bond, (ttp)Rh-Rh(ttp) bond as we l l as the 
PhS02NH-H bond were reported to be 60, 16 and 105 kcal mol"',^^'^^ respectively. 
Since the entropy change o f the reaction (AS) was close to 0, B D E o f 
( t tp)Rh-NHS02Ph bond was calculated to be 62 kcal m o \ ' \ The B D E o f 
( t tp)Rh-NHS02Ph bond is the same as that o f [(H20)Rh(tspp)-0H]^-.^^ 
By AG = -RT In K 
= - 1 . 9 8 5 9 X 10-3 kcal m o r ' K" ' x 298 K x In 0.344 
= 0 . 6 3 1 kcal mol-i 
By AG 〜 A H 
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A H = 0.631 kcalmol" ' 
and A H = B D E o f (Rh-H) + B D E o f (Rh-N) - B D E o f 
( R h - R h ) - B D E o f (N-H) 
0.631 = 60 + B D E o f (Rh-N) - 16 - 105 
... B D E o f (Rh-N) = 62 kcal mol'^ 
3.3.2 Effect of Excess PhSOzNHj in the Synthesis of Rh(ttp)NHS02Ph 
The discovery o f the equi l ibr ium has a bearing on the synthesis o f 
Rh(t tp)NHS02Ph. In Section 2.2.2.1, it was shown that when Rh(t tp)Cl reacted w i th 1 
equivalent o f PhSOaNEb，the yield o f Rh(t tp)NHS02Ph was only 20%. However, 
when the loading o f PhSOaNH^ was increased to 3 equivalents, the yield o f 
Rh( t tp)NHS02Ph increased to 70% (eq 3.12). This can be reasoned that once 
[Rh(ttp)]2 is formed f rom Rh(t tp)NHS02Ph upon heating, in the presence o f excess 
PhS02NH2, [Rh(ttp)]2 reacts w i th PhSOzNH: to form Rh(t tp)NHS02Ph. The increase 
in the y ie ld o f Rh( t tp)NHS02Ph therefore results. 
Rh(ttp)CI + PhS02NH2 C … 二 0 。 3 二 q u i v ) , Rh(ttp)NHS02Ph (3.12) 
2 33 
substrate loading = 1 equiv, 20% 
= 3 equiv, 70% 
3.4 Conclusion 
The mechanism o f the thermal reactions o f Rl i ( t tp)NHS02Ph were elucidated. It 
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was proposed that upon heating, homolysis o f the Rh-N bond o f Rh(ttp)NHS02Ph 
occurs to give [Rh(ttp)]2 and (PhSOzNH)〗 fol lowed by N N A and N H A o f 
(PhS02NH)2. The observed organic co-product, PhSOaNH�， is generated f rom 
PhS02NH* through hydrogen atom abstraction. The incomplete reaction can be 
explained by the fact that [Rh(ttp)]2 and PhSOaNH? formed would react and 
regenerate Rh(ttp)NHS02Ph. 
The bond dissociation energy o f Rh-N bond in Rh(ttp)NHS02Ph was estimated 
to be 62 kcal mol"^ which is the same as that o f [Rh(tspp)0H(H20)]^". 
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Chapter 4 Experimental Section 
4.1 General Procedures 
A l l materials were purchased f rom commercial suppliers and used without 
further pur i f icat ion unless otherwise specified. Rhodium tr ichloride (RhClj-xHaO) 
was obtained f rom Johnson Matthey. Benzonitri le was disti l led f rom P2O5 under N2. 
«-Hexane for chromatography was disti l led f rom calcium hydride. Tetrahydrofuran 
(THF) was freshly dist i l led f rom sodium benzophenone ketyl under N2. Benzene was 
dist i l led f rom sodium under N2. Di-«-buty l ether was puri f ied by sodium in vacuum. 
A l l reactions were conducted under N2 and shielded f rom l ight w i t h a luminum fo i l 
wrapping. Thin-layer chromatography was performed on percoated sil ica gel 60 F254 
plates. Co lumn chromatography was performed on sil ica gel (70-230 and 230-400 
mesh). 
4.2 Experimental Instrumentation 
' h N M R spectra were recorded on either a Bruker DPX-300 (300 M H z ) or 
Bruker A V 400 (400 M H z ) spectrometer. Chemical shifts were referenced w i th the 
residual solvent protons in CDCI3 (6 7.26 ppm) or CeDe (6 7.15 ppm) as the internal 
standard. Chemical shifts (5) were reported as part per m i l l i on (ppm) in scale 
downf ie ld f rom T M S (6 0.00 ppm). '^C N M R spectra were recorded on Bruker A V 
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400 (100 M H z ) spectrometer. Chemical shifts were referenced to the solvent peak o f 
CDCI3 (6 77.0 ppm). Coupl ing constants (J) were reported in Hertz (Hz). 
H igh resolut ion mass spectra (HRMS) were performed on a ThermoFinnigan 
M A T 95 X L mass spectrometer in fast atom bombardment ( F A B ) mode using 
3-ni t robenzyl alcohol ( N B A ) matr ix. 
4.3 Synthesis of Starting Material 
Preparation of Tetratolyporphyrin, Hittp (l)5i’68a，69 
Pyrrole (24 m L , 346 mmo l ) and 4-methylbenzaldehye (35 m L , 297 mmo l ) were added 
to re f lux ing propionic acid (1.25 L) . The mixture was ref luxed for 30 minutes and 
then cooled to room temperature. The purple sol id was collected after crystal l izat ion 
f rom methanol and further dried by vacuum at 70 °C for 2 hours. H2ttp 1 obtained was 
purple sol id (6.03 g，8.99 mmol , 12%). R / = 0.87 (CH2CI2). N M R (CDCI3，300 
M H z ) 6 -2.78 (s, 2 H) , 2.70 (s, 12 H) , 7.55 (d, 8 H , J = 7.8 Hz) , 8.09 (d, 8 H , J = 7.8), 
8.85 (s, 8 H) . 
Preparation of 5,10,15,20-Tetratolyporphyrinatorhodium(III) Chloride, 
[Rh(ttp)Cl] (2)68a，69b 
RhCb.xHbO (233.9 mg, 0.89 mmo l ) was added to the solut ion o f H2ttp 1 (365.4 mg, 
0.54 mmo l ) i n benzonitr i le (30 mL) . The mixture was ref luxed for 4 hours. A f ter the 
removal o f solvent under vacuum at elevated temperature, the result ing red residue 
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was pur i f ied by co lumn chromatography using sil ica gel (70-230 mesh) elut ing w i t h 
CH2CI2. A major red band was collected. A red solid (299.0 mg，0.37 mmo l , 68%) 
was collected after recrystall ization f rom CHzClz/MeOH and further dried under 
vacuum at 70。C for 2 hours. R / = 0.31 (CH2CI2). ^H N M R (CDCI3, 300 M H z ) 5 2.71 
(s, 12 H)，7.59 (d，8 H ， 8 . 1 Hz), 8.08 (d, 4 H , J = 7.2 Hz), 8.14 (d, 4 H , J = 6.9 Hz) , 
8.94 (s, 8 H) . 
Preparation of 5，10，15，20-Tetratolyporphyrinatorhodium(III) Iodide, (Rh(ttp)I)^^ 
A red suspension o f Rh( t tp)Cl 2 (79 mg, 0.098 m m o l i n E t O H (30 m L ) and a solut ion 
o f NaBEU (7.46 mg, 0.196 mmo l ) in aqueous N a O H (0.1 M , 2 m L ) were purged w i t h 
N2 for 15 minutes separately. The solution o f N a B H * was added s lowly to the 
suspension o f Rh( t tp)Cl 2 v ia a cannula. The reaction was heated at 60 for 1 hour 
and the colour changed to deep brown. The solut ion was then cooled down to 0 °C 
and degassed 0.1 M H C l (40 m L ) was added v ia a cannula. Once the reaction mixture 
became orange, excess h (210 mg, 0.827 mmo l ) was added and reaction mixture 
turned dark b rown immediate ly and stirred for further 5 minutes. Solvent was then 
removed by rotary evaporation. The residue was then pur i f ied by chromatography on 
si l ica gel using a solvent mixture o f hexane: CH2CI2 = 5:3. The s low mov ing orange 
band was col lected and the solvent was evaporated o f f to give purple solids o f 
Rh( t tp) I (68.5 mg, 0.076 mmo l , 82%). The product was further pur i f ied f rom 
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recrystal l izat ion f rom CE^Ch/methanol. R , = 0.35 (CH2CI2). ^H N M R ( 3 0 0 M H z , 
CDCI3) 6 2.70 (s, 12H), 7.53 (d, 4 H, J= 6.9 Hz), 7.55 (d, 4 H, J= 12 Hz), 8.05 (d, 4 
H, 7.8 Hz) , 8.10 (d, 4 H , J = 7.8 Hz), 8.89 (s，8 H). 
Preparation of 5，10，15，20-Tetratolylporphyrinatorhodium(III) Hydride, 
[Rh(ttp)H] (8).53,68b’69 
A red suspension o f Rh(t tp)Cl 2 (100 mg, 0.11 mmo l ) in E t O H (50 m L ) and a solut ion 
o f NaBH4 (17 mg, 0.45 mmo l ) in aqueous N a O H (0.1 M , 2 m L ) were purged w i t h N2 
for 15 minutes separately. The solution o f NaBH4 was added s lowly to the suspension 
o f Rh( t tp)Cl 2 v ia a cannula. The mixture was heated at 60 °C for 1 hour and the 
colour changed to deep brown. The solution was then cooled down to 0 °C and 
degassed 0.1 M H C l (40 m L ) was added v ia a cannula. A br ick red suspension was 
formed. A f te r stirred at room temperature for another 15 minutes under N2, the br ick 
red precipitate was col lected after f i l t rat ion and washing w i t h water ( 2 x 1 0 m L ) under 
N2. The br ick red residues o f Rh( t tp)H 8 (80 mg, 0.10 mmo l , 92 %) were obtained 
after vacuum dried. N M R {CeDe, 300 M H z ) 6 -40.12 (d, 1 H , JRH-H = 43.5 Hz) , 
2.42 (s，12 H) , 7.16 (d, 4 H， J = 8.2 Hz), 7.35 (d, 4 H , J = 8.2 Hz) , 7.95 (d, 4 H , J = 
8.1 Hz) , 8.22 (d, 4 H , J = 8 . 1 Hz) , 9.03 (s, 8 H) . 
Preparation of Rh2(ttp)2 
Rh( t tp )H 8 (10.0 mg, 0.013 mmo l ) was dissolved in degassed benzene (4.0 mL) . The 
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reaction mixture was then degassed by three freeze-pump-thaw method and ref i l led 
w i t h N2. The solut ion was irradiated under a 400 W Hg- lamp at 6-11 unt i l al l the 
starting material was consumed to give [Rh(ttp)]2 in quantitative yield. 
Preparation of 7V,7VMitosylhydrazine, [TsNHNHTs]” 
p-Toluenesul fony l hydrazide (2.33 g，12.5 mmo l ) and /7-toluenesulfonyl chloride 
(3.6g, 18.8 mmo l ) were added to CH2CI2. The reaction mixture was stirred at room 
temperature wh i le pyr id ine (1.5 m L , 18.8 mmol ) was added dropwise over 1 minute. 
Dur ing the addit ion, the reaction mixture became homogenous and turned yel low. 
Whi te precipitate was observed and the reaction mixture was stirred for 1.5 hours. 
D ie thy l ether (50 m L ) and H2O (25 m L ) were added and stirred at 0。C for 15 minutes. 
The whi te sol id wh i ch precipitate were collected by suction f i l t ra t ion and washed w i t h 
diethyl ether. The sol id thus obtained was dissolved in bo i l ing methanol. A f ter 
cool ing to the room temperature, ha l f o f the solvent was removed by rotary 
evaporation and cooled to 0 The precipitate was collected using suction f i l t rat ion 
and washed w i t h cold methanol and diethyl ether. N,N"-ditosylhydrazine^^ (2.8 g, 8.2 
mmo l , 66%) was collected. N M R (CeDg, 400 M H z ) 6 1.77 (s, 3 H) , 5.38 (s，1 H)， 
6.52 (d, 2 U , J = 8.4 Hz) , 7.53 (d, 2 H , J = 8 Hz). 
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4.4 Synthesis of Various Rhodium Porphyrin Amido Complexes 
Transmetallation between Rh(ttp)Cl and Lithium Benzenesulfonamidate 
(1) Ratio of PhS02NH2: "BuLi: Rh(ttp)Cl = 1.3:2.0:1.0 
n-Bu ty l l i t h i um (10 |JL o f 2.5 M «-hexane solution) was added to a solut ion o f 
benzenesulfonamide (2.6 mg, 0.016 mmol ) in T H F (2 m L ) under N2 and stirred for 6 
hours at -78 Rh( t tp)Cl 2 (10.1 mg, 0.012 mmo l ) was added to this mixture. The 
mixture was then stirred at room temperature for 1 day. The solvent was then removed 
under vacuum and the red crude mixture was pur i f ied by si l ica gel co lumn (230-400 
mesh) chromatography elut ing w i t h a solvent mixture o f hexane: E tOAc (1:1). A red 
product Rh( t tp )NHS02Ph 3 a (3.3 mg, 0.003 mmol , 29%), w i t h R / = 0.76 (hexane/ 
E tOAc = 1:1) was collected. ' H N M R {CeDe, 400 M H z ) 6 -6.56 (s, 1 H) , 2.43 (s, 12 
H)，5.15 (d, 2 H, J= 6.8 Hz), 6.37 (t, 2 H, J= 7.6 Hz), 6.6 (t, 1 H, J = 7.2 Hz), 7.31 (d, 
8 H，•/二 7.6 Hz) , 8.05 (d，4H, J = 7.2 Hz), 8.11 (d，4 H, J = 7.2 H z ) , 9.05 (s, 8 H). ^^C 
N M R (CDCI3，100 M H z ) 6 21.5, 121.1, 123.2, 126.7, 127.1，127.4, 128.6, 131.9, 
133.8，134.5, 137.0, 142.7; H R M S ( F A B M S ) : calcd for (C54H42N5S02Rh)+ m/z 
927.2109，found m/z 927.2093. 
(2) Ratio 0fPhSO2NH2： "BuLi: Rh(ttp)Cl = 2.5:4.0:1.0 
« -Bu ty l l i t h i um (20 ^iL o f 2.5 M 〜hexane solution) was added to a solution o f 
benzenesulfonamide (4.9 mg, 0.031 mmo l ) in T H F (2 m L ) under N2 and stirred for 6 
hours at -78 °C. Rh( t tp )Cl 2 (10.1 mg, 0.012 mmo l ) was added to this mixture. The 
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mixture was then stirred at room temperature for 1 day. The solvent was then removed 
under vacuum and the red crude mixture was puri f ied by sil ica gel column (230-400 
mesh) chromatography eluting w i th a solvent mixture o f hexane: EtOAc (1:1). A red 
product Rh(t tp)NHS02Ph 3a (6.1 mg, 0.007 mmol , 53 %), w i th R / = 0.76 (hexane/ 
EtOAc = 1:1) was collected. 
(3) Ratio ofPhSOzNHz： "BuLi: Rh(ttp)Cl = 1.3:4.0:1.0 
«-Buty l l i th ium (20 |j,L o f 2.5 M «-hexane solution) was added to a solution o f 
benzenesulfonamide (2.6 mg, 0.016 mmol ) in THF (2 m L ) under N2 and stirred for 6 
hours at -78 Rh(t tp)Cl 2 (10.1 mg, 0.012 mmol ) was added to this mixture. The 
mixture was then stirred at room temperature for 1 day. The solvent was then removed 
under vacuum and the red crude mixture was puri f ied by sil ica gel column (230-400 
mesh) chromatography eluting w i th a solvent mixture o f hexane: EtOAc (1:1). A red 
product Rh(t tp)NHS02Ph 3a (7.0 mg, 0.008 mmol , 60 %), w i th R , = 0.76 (hexane/ 
EtOAc = 1:1) was collected. 
Transmetallation between Rh(ttp)Cl and Lithium Phthalimide 
«-Buty l l i th ium (20 }j.L o f 2.5 M /7-hexane solution) was added to a solution o f 
phthal imide (4.7 mg, 0.032 mmol ) in THF (2 m L ) under N2 and stirred for 6 hours at 
-78 "C. Rh(t tp)Cl 2 (10.3 mg, 0.013 mmol ) was added to this mixture. The mixture 
was then stirred at room temperature for 5 days. The solvent was then removed under 
vacuum and the red crude mixture was puri f ied by sil ica gel co lumn (230-400 mesh) 
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chromatography elut ing w i t h CH2CI2 fo l lowed by a solvent mix ture o f CH2CI2： 
EtOAc (9:1). Rh(t tp)(C8H4N02) 3 b (3.7 mg，0.004 mmol , 32%), w i t h R / = 0.9 (E tOAc 
/ CH2CI2 = 1:9) was collected. ^H N M R (CeDe, 400 M H z ) 6 2.38 (s, 12 H) , 5.85 (dd，2 
H, J = 2 . 8 , 5.6 Hz) , 5.92 (dd, 2 H，J = 3，5.4 Hz) , 7.22 (d，4H, J = 5.2 Hz) , 7.31 (d, 4 
H , J = 7.2 Hz) , 8.18 (d，4 H ， 6 . 4 Hz) , 8.26 (d, 4 H , J = 6.8 Hz) , 9.16 (s, 8 H). 
H R M S ( F A B M S ) : calcd for (C56H4oN5Rh02)+ m/z 917.2232, found m/z 917.2216. 
1 o 
The complex is not stable upon recrystal l ization f r om CH2Cl2/hexane and C N M R 
was not preformed. 
Transmetallation between Rh(ttp)Cl and Lithium Benzamidate 
^ - B u t y l l i t h i u m (20 [xL o f 2.5 M «-hexane solut ion) was added to a solut ion o f 
benzamide (3.8 mg, 0.032 m m o l ) in T H F (2 m L ) under N2 and stirred for 6 hours at 
-78 Rh( t tp )C l 2 (10.2 mg, 0.013 mmo l ) was added to this mixture. The mixture 
was then stirred at room temperature for 2 days. The solvent was then removed under 
vacuum and the red crude mix ture was analyzed by N M R and unknowns were 
obtained. 
Transmetallation between Rh(ttp)CI and Lithium Salt of 2-Pyrrolidone 
« - B u t y l l i t h i u m (20 [xL o f 2.5 M «-hexane solut ion) was added to a solut ion o f 
2-pyr ro l idone (3 \xL, 0.036 m m o l ) i n T H F (2 m L ) under N2 and stirred for 6 hours at 
-78 °C. Rh( t tp )C l 2 (11.5mg, 0.014 m m o l ) was added to this mixture. The mixture 
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was then stirred at room temperature for 2 days. The solvent was then removed under 
vacuum and the red crude mixture was analyzed by N M R and unknowns were 
obtained. 
Transmetallation between Rh(ttp)Cl and Lithium Salt of Aniline 
«-Bu ty l l i t h ium (20 |aL o f 2.5 M «-hexane solution) was added to a solut ion o f anil ine 
(3 f iL，0.034 mmo l ) in T H F (2 m L ) under N2 and stirred for 6 hours at -78。C. 
Rh( t tp)Cl 2 (10.9 mg, 0.014 mmo l ) was added to this mixture. The mixture was then 
stirred at room temperature for 1 day. The solvent was then removed under vacuum 
and the red crude mixture was analyzed by ^H N M R and unknowns were obtained. 
Reactions between Rh(ttp)Cl and Benzenesulfonamide at Different Reaction 
Time 
(1) Reaction for 1 day 
Rh(t tp)Cl 2 (10.1 mg, 0.013 mmol ) , K2CO3 (17.3 mg, 0.13 mmo l ) and 
benzenesulfonamide (19.8 mg, 0.13 mmo l ) were added to benzene (1.5 m L ) and the 
mixture was degassed for three freeze-thaw-pump cycles and f i l led w i t h N2. The 
mixture was then heated at 120 for 1 day. The solvent was then removed under 
vacuum and the red crude mixture was pur i f ied by si l ica gel co lumn (230-400 mesh) 
chromatography elut ing w i t h a solvent mixture o f hexane: E tOAc (1:1). A red product 
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Rh(t tp)NHS02Ph 3a (6.5 mg, 0.007 mmol, 56%), w i th R / = 0.76 (hexane/ EtOAc = 
1:1) was collected. 
(2) Reaction for 2 hours 
Rh(ttp)Cl 2 (10.1 mg, 0.013 mmol) , K2CO3 (17.3 mg, 0.13 mmol ) and 
benzenesulfonamide (19.8 mg, 0.13 mmol) were added to benzene (1.5 m L ) and the 
mixture was degassed for three freeze-thaw-pump cycles and f i l led w i t h N2. The 
mixture was then heated at 120 °C for 2 hours. The solvent was then removed under 
vacuum and the red crude mixture was puri f ied by sil ica gel column (230-400 mesh) 
chromatography elut ing w i th a solvent mixture o f hexane: EtOAc (1:1). A red product 
Rh(t tp)NHS02Ph 3a (8.7 mg, 0.009 mmol, 75%), w i th R / = 0.76 (hexane/ EtOAc = 
1:1) was collected. 
Reactions between Rh(ttp)CI and Benzenesulfonamide with Different Substrate 
Loadings 
(1) Addition of 1 equivalent of benzenesulfonamide 
Rh(t tp)Cl 2 (10.6 mg, 0.013 mmol) , K2CO3 (18.1 mg, 0.13 mmol ) and 
benzenesulfonamide (2.1 mg, 0.013 mmol ) were added to benzene (1.5 m L ) and the 
mixture was degassed for three freeze-thaw-pump cycles and f i l led w i th N2. The 
mixture was then heated at 120 for 2 hours. The solvent was then removed under 
vacuum and the red crude mixture was puri f ied by sil ica gel column (230-400 mesh) 
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chromatography elut ing w i t h a solvent mixture o f hexane: E tOAc (1:1). A red product 
Rh( t tp )NHS02Ph 3 a (2.4 mg，0.003 mmol , 20%), w i t h R / = 0.76 (hexane/ E tOAc = 
1:1) was collected. 
(2) Addition of 3 equivalents of benzenesulfonamide 
Rh(t tp)Cl 2 (10.1 mg, 0.013 mmol ) , K2CO3 (17.3 mg, 0.13 mmo l ) and 
benzenesulfonamide (5.9 mg, 0.04 mmol ) were added to benzene (1.5 m L ) and the 
mixture was degassed for three freeze-thaw-pump cycles and f i l led w i t h N2. The 
mixture was then heated at 120 for 2 hours. The solvent was then removed under 
vacuum and the red crude mixture was pur i f ied by si l ica gel co lumn (230-400 mesh) 
chromatography elut ing w i t h a solvent mixture o f hexane: E tOAc (1:1). A red product 
Rh( t tp )NHS02Ph 3 a (8.1 mg, 0.009 mmol , 70%), w i t h R / = 0.76 (hexane/ E tOAc = 
1:1) was collected. 
(3) Addition of 5 equivalents of benzenesulfonamide 
Rh(t tp)Cl 2 (10.1 mg, 0.013 mmol ) , K2CO3 (17.3 mg, 0.13 mmo l ) and 
benzenesulfonamide (9.8 mg, 0.06 mmo l ) were added to benzene (1.5 m L ) and the 
mixture was degassed for three freeze-thaw-pump cycles and f i l l ed w i t h N2. The 
mixture was then heated at 120 for 2 hours. The solvent was then removed under 
vacuum and the red crude mixture was pur i f ied by si l ica gel co lumn (230-400 mesh) 
chromatography elut ing w i t h a solvent mixture o f hexane: E tOAc (1:1). A red product 
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Rh(t tp)NHS02Ph 3a (9.0 mg, 0.001 mmol, 78%), w i th R / = 0.76 (hexane/ EtOAc = 
1:1) was collected, 
(4) Addition of 10 equivalents of benzenesulfonamide 
As mentioned in 4.4.2.1 (2). 
Reactions between Rh(ttp)Cl and Benzenesulfonamide at Different 
Temperatures 
(1) Reaction at 120 "C 
As mentioned in 4.4.2.2 (2). 
(2) Reaction at 80 "C 
Rh(ttp)Cl 2 (10.1 mg, 0.013 mmol) , K2CO3 (17.3 mg, 0.13 mmol ) and 
benzenesulfonamide (5.9 mg, 0.04 mmol) were added to benzene (1.5 m L ) and the 
mixture was degassed for three freeze-thaw-pump cycles and f i l led w i th N2. The 
mixture was then heated at 80 for 18 hours. The solvent was then removed under 
vacuum and the red crude mixture was puri f ied by sil ica gel column (230-400 mesh) 
chromatography elut ing w i t h a solvent mixture o f hexane: E tOAc (1:1). A red product 
Rh( t tp)NHS02Ph 3a (8.6 mg, 0.009 mmol , 74%), w i th R / = 0.76 (hexane/ EtOAc = 
1:1) was collected. 
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Reactions between Rh(ttp)Cl and Benzenesulfonamide in Different Solvents 
(1) Reaction in benzene 
As mentioned in 4.4.2.3 (2). 
(2) Reaction in THF 
Rh(ttp)Cl 2 (10.1 mg, 0.013 mmol) , K2CO3 (17.3 mg, 0.13 mmol ) and 
benzenesulfonamide (5.9 mg, 0.04 mmol) were added to T H F (1.5 m L ) and the 
mixture was degassed for three freeze-thaw-pump cycles and f i l led w i th N2. The 
mixture was then heated at 80 °C for 1 day. The solvent was then removed under 
vacuum and the red crude mixture was puri f ied by sil ica gel co lumn (230-400 mesh) 
chromatography eluting w i th a solvent mixture o f hexane: E tOAc (1:1). A red product 
Rh(t tp)NHS02Ph 3a (8.4 mg, 0.009 mmol , 72%), w i th R / = 0.76 (hexane/ EtOAc = 
1:1) was collected. 
Reactions between Different Rh(ttp)X and Benzenesulfonamide 
(1) Reaction using Rh(ttp)Cl 
As mentioned in 4.4.2.3 (2). 
(2) Reaction using Rh(ttp)I 
Rh(ttp)I (10.5 mg, 0.012 mmol) , K2CO3 (16.1 mg, 0.12 mmol ) and 
benzenesulfonamide (5.5 mg, 0.035 mmol ) were added to benzene (1.5 m L ) and the 
mixture was degassed for three freeze-thaw-pump cycles and f i l led w i th N2. The 
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mixture was then heated at 80 for 18 hours. The solvent was then removed under 
vacuum and the red crude mixture was purif ied by silica gel column (230-400 mesh) 
chromatography eluting wi th a solvent mixture o f hexane: EtOAc (1:1). A red product 
Rh(ttp)NHS02Ph 3a (6.8 mg, 0.007 mmol, 63%), w i th R / = 0.76 (hexane/ EtOAc = 
1:1) was collected. 
Reactions between Rh(ttp)Cl and Benzenesulfonamide with Different Base 
(1) Without base added 
Rh(ttp)Cl 2 (11.5 mg, 0.014 mmol) and benzenesulfonamide (6.7 mg, 0.043 mmol) 
were added to benzene (1.5 mL) and the mixture was degassed for three 
freeze-thaw-pump cycles and f i l led wi th N2. The mixture was then heated at 80 °C for 
3 days. The solvent was then removed under vacuum and the red crude mixture was 
purif ied by silica gel column (70-230 mesh) chromatography eluting wi th 
dichloromethane. Rh(ttp)Cl 2 (3.8 mg, 0.005 mmol, 33%) was collected. 
(2) Addition of 10 equivalents of K2CO3 
As mentioned in 4.4.2.3 (2). 
(3) Addition of 10 equivalents of KOH 
Rh(ttp)Cl 2 (10.7 mg, 0.013 mmol), K O H (7.0 mg, 0.13 mmol) and 
benzenesulfonamide (6.2 mg, 0.040 mmol) were added to benzene (1.5 mL) and the 
mixture was degassed for three freeze-thaw-pump cycles and f i l led w i th N2. The 
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mixture was then heated at 80 for 3.5 hours. The solvent was then removed under 
vacuum and the red crude mixture was purified by silica gel column (230-400 mesh) 
chromatography eluting wi th a solvent mixture o f hexane: EtOAc (1:1). A red product 
Rh(ttp)NHS02Ph 3a (10.3 mg, 0.011 mmol, 84%)，with R / = 0.76 (hexane/ EtOAc = 
1:1) was collected. 
Substrate Scope of Base-promoted Ligand Substitution 
(1) Reaction between Rh(ttp)Cl and phthalimide 
Rh(ttp)Cl 2 (10.4 mg, 0.013 mmol), K O H (7.2 mg, 0.13 mmol) and phthalimide 
(5.7mg, 0.039 mmol) were added to benzene (1.5 mL) and the mixture was degassed 
for three freeze-thaw-pump cycles and f i l led w i th N2. The mixture was then heated at 
80 °C for 3.5 hours. The solvent was then removed under vacuum and the red crude 
mixture was puri f ied by silica gel column chromatography (230-400 mesh) eluting 
w i th CH2CI2 fo l lowed by a solvent mixture o f CH2CI2： EtOAc (9:1). 
Rh(ttp)(C8H4N02) 3b (5.9 mg, 0.006 mmol, 50%) was collected. 
(2) Reaction between Rh(ttp)CI and benzenesulfonamide 
As mentioned in 4.4.2.6 (3). 
(3) Reaction between Rh(ttp)Cl and benzamide 
Rh(ttp)Cl 2 (10.5 mg, 0.013 mmol), K O H (7.3 mg, 0.13 mmol) and benzamide 
(4.7mg, 0.039 mmol ) were added to benzene (1.5 mL) and the mixture was degassed 
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for three freeze-thaw-pump cycles and f i l led w i t h N2. The mixture was then heated at 
80 for 3.5 hours. The solvent was then removed under vacuum and the red crude 
mixture was analyzed by ^H N M R and unknowns were obtained. 
(4) Reaction between Rh(ttp)Cl and aniline 
Rh(t tp)Cl 2 (10.8 mg, 0.013 mmol ) , K O H (7.5 mg, 0.13 mmo l ) and anil ine (4 ^iL， 
0.13 mmo l ) were added to benzene (1.5 m L ) and the mixture was degassed for three 
freeze-thaw-pump cycles and f i l led w i t h N2. The mixture was then heated at 80 °C for 
3.5 hours. The solvent was then removed under vacuum and the red crude mixture 
was pur i f ied by si l ica gel co lumn chromatography (230-400 mesh) elut ing w i t h 
CH2CI2 fo l lowed by a solvent mixture o f hexane: E tOAc (2:1). A red product 
(PhNH2 )Rh(t tp)Cl 3c (0.2 mg, 0.002 mmol , 15%), w i t h R / = 0.8 (hexane/ E tOAc = 
2:1) was collected. ^H N M R (CDCI3, 300 M H z ) 6 -3.68 (s, 2 H) , 2.3 (d，2 H, J = 7 . 8 
Hz) , 2.71 (s, 12 H) , 5.94 (t, 2 U , J = 7.8 Hz), 6.47 (t，1 H , J = 7.5 Hz) , 7.55 (d，8H, J 
= 7 . 8 Hz) , 7.98 (d, 4 H , J = 7.8 Hz) , 8.17 (d, 4 H , • / = 7.4 Hz)，8.84 (s，8 H). H R M S 
( F A B M S ) : calcd for (C54H43N5RhCl-Cl)+ m/z 864.2568, found m/z 864.2532 
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4.5 Bond Activation Chemistry of Rh(ttp)NHS02Ph 
Reactions at 60 
(1) Reaction between Rh(ttp)NHS02Ph and tri-/i-butylamine 
Rh(ttp)NHS02Ph 3a (10.5 mg, 0.011 mmol) and tri-«-butylamine (1.5 mL) were 
degassed for three freeze-thaw-pump cycles and f i l led wi th N2. The mixture was then 
heated at 60 for 3 days. The solvent was then removed under vacuum and the red 
crude mixture was purif ied by silica gel column chromatography (70-230 mesh) 
eluting wi th a solvent mixture o f hexane: CH2CI2 (1:1). A red product Rh(ttp)"Bu^^ 4a 
(1.2 mg, 0.001 mmol, 13%)，with R / = 0.72 (hexane/ CH2CI2 = 1:1) was collected. 
N M R (CDCI3, 300 M H z ) 5 -4.95 (dt, 2 H ,。乂版“= 3 . 0 Hz, J= 8.1 Hz), -4.50 (qu, 2 H, 
J =7.9 Hz), -1.57 (sext, 2 H, J 二 7.4 Hz), -0.83 (t, 3 H, J = 7 . 2 Hz), 2.70 (s, 12 H)， 
7.53 (t，8 H, J = 6 Hz), 7.99 (dd, 4H,J=2A Hz,J= 7.8 Hz), 8.08 (dd, 4 H ’ J = 2.1 
Hz, 7.8 Hz), 8.71 (s, 8 H). 
(2) Reaction between Rh(ttp)NHS02Ph and di-/i-butyl ether 
Rh(ttp)NHS02Ph 3a (10.7 mg, 0.012 mmol) and di-«-butyl ether (1.5 mL) were 
degassed for three freeze-thaw-pump cycles and f i l led w i th N2. The mixture was then 
heated at 60 for 3 days. The solvent was then removed under vacuum and the red 
crude mixture was puri f ied by silica gel column chromatography (70-230 mesh) 
eluting w i th a solvent mixture o f hexane: CH2CI2 (1:1). A red product Rh(ttp)"Pr^' 4b 
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(0.9 mg, 0.001 mmo l , 64%), w i t h R / = 0.72 (hexane/ CH2CI2 = 1:1) was collected. ' H 
N M R (CDCI3, 300 M H z ) 6 -4.98 (dt, 2 H, %h-H=3.3 Hz,J= 8.3 Hz) , -4.46 (sext，2 
H , y = 8.7 Hz) , -1.75 (t, 3 H , J = 7.2 Hz), 2.69 (s，12 H), 7.53 (t, 8 H , J = 5.7 Hz), 8.00 
(dd, 4 H , y = 2 . 1 Hz, 7.7 Hz), 8.07 (dd, 4 H , J = 2 . 1 Hz, 8.0 Hz) , 8.71 (s, 8 H). 
(3) Reaction between Rh(ttp)NHS02Ph and toluene 
Rh( t tp )NHS02Ph 3 a (10.7 mg, 0.012 mmol ) and toluene (1.5 m L ) were degassed for 
three freeze-thaw-pump cycles and f i l led w i t h N2. The mixture was then heated at 60 
°C for 3 days. The solvent was then removed under vacuum and the red crude mixture 
was pur i f ied by si l ica gel co lumn chromatography (230-400 mesh) elut ing w i t h a 
solvent mix ture o f hexane: E tOAc (1:1). Rh( t tp)NHS02Ph 3 a (7.5 mg, 0.008 mmol , 
70 0/0) was collected. 
(4) Reaction between Rh(ttp)NHS02Ph and /i-hexane 
Rh( t tp )NHS02Ph 3 a (10.9 mg, 0.012 mmol ) and ^-hexane (1.5 m L ) were degassed 
for three freeze-thaw-pump cycles and f i l led w i t h N2. The mixture was then heated at 
60°C for 3 days. The solvent was then removed under vacuum and the red crude 
mixture was pur i f ied by si l ica gel co lumn chromatography (230-400 mesh) elut ing 
w i t h a solvent mix ture o f hexane: E tOAc (1:1). Rh( t tp )NHS02Ph 3 a (7.7 mg, 0.008 
mmo l , 71 %) was collected. 
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Reactions at 120 
(1) Reaction between Rh(ttp)NHS02Ph and tri-/i-butylamine 
Rh( t tp )NHS02Ph 3 a (10.3 mg, 0.011 mmo l ) and t r i -«-buty lamine (1.5 m L ) were 
degassed for three freeze-thaw-pump cycles and f i l l ed w i t h N2. The mixture was then 
heated at 120 for 4 hours. The solvent was then removed under vacuum and the red 
crude mix ture was pur i f ied by si l ica gel co lumn chromatography (70-230 mesh) 
elut ing w i t h a solvent mix ture o f hexane: CH2CI2 (1:1). A red product Rh(ttp)"Bu^^ 4a 
(6.2 mg, 0.007 mmo l , 67%), w i t h R / = 0.72 (hexane/ CH2CI2 = 1:1) was collected. 
(2) Reaction between Rh(ttp)NHS02Ph and di-/i-butyl ether 
Rh( t tp )NHS02Ph 3 a (10.8 mg, 0.012 mmo l ) and d i -«-buty l ether (1.5 m L ) were 
degassed for three freeze-thaw-pump cycles and f i l l ed w i t h N2. The mixture was then 
heated at 120 for 3 hours. The solvent was then removed under vacuum and the red 
crude mix ture was pur i f ied by si l ica gel co lumn chromatography (70-230 mesh) 
e lut ing w i t h a solvent mix ture o f hexane: CH2CI2 (1:1). A mix ture o f product 
contain ing Rh( t tp)CO"Pr 4c , Rh(ttp)"Pr^' 4 b and unknowns (5.4 mg, 50%) was 
obtained. Rh( t tp)CO”Pr 4c. N M R (CDCI3, 300 M H z ) 5 -3.10 (t, 2H,J= 6.9 Hz) , 
-1.30 (sext, 2 H , J = 7.0 Hz) , -1.16 (t, 3 H , J = 7.1 Hz) , 2.70 (s, 12 H) , 7.54 (d, 8 H , J 
= 8 . 1 Hz) , 8.03 (dd, 4 R , J = 2.0 Hz , 7.5 Hz) , 8.08 (dd, 4 H， J = 2.0 Hz , 7.5 Hz) , 8.79 
(s, 8 H) . 13c N M R (CDCI3, 100 M H z ) 5 11.3，16.3，24.5, 45.6，122.6, 127.4，131.5, 
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133.7，134.1, 137.2，143.1，202.6 (d，J = 29 Hz). H R M S ( F A B M S ) : calcd for 
(C52H43N4RhO)+ m/z 843.2565, found m/z 843.2544. 
(3) Reaction between Rh(ttp)NHS02Ph and toluene 
Rh( t tp )NHS02Ph 3 a (10.7 mg, 0.012 mmol ) and toluene (1.5 m L ) were degassed for 
three freeze-thaw-pump cycles and f i l led w i t h N2. The mixture was then heated at 120 
for 2 hours. The solvent was then removed under vacuum and the red crude 
mixture was pur i f ied by si l ica gel co lumn chromatography (230-400 mesh) elut ing 
w i t h a solvent mixture o f hexane: CH2CI2 (1:1). A red product Rh(ttp)Bn^° 4d (7.6 
mg, 0.009 mmo l , 76%), w i t h R / = 0.55 (hexane/ CH2CI2 = 1:1) was collected. ^H 
N M R (CDCI3，300 M H z ) 5 -3.79 (d, 2 H , J = 3 . 6 Hz), 2.70 (s, 12 H) , 2.95 (d, 2 H , J = 
7.2 Hz) , 5.87 (t, 2 H , J = 7 . 5 Hz) , 6.40 (t, 1 H, J = 6 . 9 Hz), 7.54 (t, 8 H , J = 5.7 Hz), 
8.00 (dd, 4 H，J = 2.1, 7.1 Hz)，8.06 (dd, 4 H , 7 = 2 . 1 , 7 . 1 Hz) , 8.67 (s，8 H). 
(4) Reaction between Rh(ttp)NHS02Ph and «-hexane 
Rh( t tp )NHS02Ph 3 a (10.7 mg, 0.012 mmo l ) and «-hexane (1.5 m L ) were degassed 
for three freeze-thaw-pump cycles and f i l led w i t h N2. The mixture was then heated at 
120°C for 1 day. The solvent was then removed under vacuum and the red crude 
mixture was pur i f ied by si l ica gel co lumn chromatography (230-400 mesh) elut ing 
w i t h a solvent mix ture o f hexane: E tOAc (1:1). Rh( t tp )NHS02Ph 3 a (2.8 mg, 0.003 
mmo l , 26 % ) was collected. 
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4.6 Mechanistic Investigation 
(1) Thermolysis of Rh(ttp)NHS02Ph in Benzene-do 
Rh(t tp)NHS02Ph 3a (1.5 mg, 0.002 mmol) was added into benzene-t^ (500 in an 
N M R tube under N2. The red solution was degassed for three freeze-thaw-pump 
cycles and the N M R tube was flame-sealed under vacuum. The reaction mixture was 
heated at 60 for 2 day, then at 80 for 1 day, f inal ly at 110 °C for 8 days. The 
reaction mixture was monitored w i th N M R spectroscopy w i th N M R yields 
measured using the residual benzene signal as the internal standard. 
(2) Thermolysis of Rh(ttp)NHS02Ph in Benzene-de in the Presence of 100 
Equivalents of H2O 
Rh(t tp)NHS02Ph 3a (1.4 mg, 0.002 mmol ) and water (3 |aL, 0.167 mmol ) were added 
into bcnzcnQ-de (500 | i L ) in an N M R tube under N2. The red solution was degassed 
for three freeze-thaw-pump cycles and the N M R tube was flame-sealed under vacuum. 
The reaction mixture was heated at 80 °C for 1 day and then at 110 for 2 days. The 
reaction mixture was monitored w i th ^H N M R spectroscopy w i th N M R yields 
measured using the residual benzene signal as the internal standard. 
(3) Thermolysis of TsNHNHTs in Benzene-cfe in the presence of 100 equiv of H2O 
T s N H N H T s (0.7 mg, 0.002 mmol ) and H2O (3 | iL , 0.167 mmol ) were added into 
benzene-t4 (500 |aL) in an N M R tube under N2. The colourless solution was degassed 
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for three freeze-thaw-pump cycles and the N M R tube was flame-sealed under vacuum. 
The reaction mixture was heated at 120 for 1 day. The reaction mixture was 
monitored w i t h ^H N M R spectroscopy w i th N M R yields measured using the residual 
benzene signal as the internal standard. 
(4) Reaction between [Rh(ttp)�2 and TsNHNHTs 
T s N H N H T s (0.5 mg, 0.002 mmo l ) was added into benzene-Js (500 | iL ) solution o f 
[Rh(ttp)]2 5 (0.002 mmo l ) in an N M R tube under N2. The red solut ion was degassed 
for three freeze-thaw-pump cycles and the N M R tube was flame-sealed under vacuum. 
The reaction mixture was stored at room temperature for 6 days and was monitored 
w i t h N M R spectroscopy w i t h N M R yields measured using the residual benzene 
signal as the internal standard. Rh(t tp)NHTs. ' H N M R (CDCI3, 400 M H z ) 6 2.73 (s, 
12 H) , 3.65 (d，2 H , 7.9 Hz), 6.11 (d，2 H , J = 7.5 Hz) , 7.58 (dd, 8 H , 7.8 Hz, 
13.4 Hz) , 8.07 (dd, 8 H,J= 7.7 Hz, 12 H z ) , 8.84 (s, 8 H). The proton signal for the 
N - H hydrogen were not located.'^® ^^C N M R (CDCI3, 100 M H z ) 21.5, 22.04, 122.4， 
123.8，126.9，127.9, 128.0, 128.6，132.3，134.1，134.6，137.9, 139.4, 142.7; H R M S 
( F A B M S ) : calcd for (C55H44N5S02Rh)+ m/z 941.2265, found m/z 941.2305. 
(5) Reactions ofRh(ttp)H and PhSOzNHz in Benzcne-de 
PhS02NH2 (0.3 mg, 0.002 mmo l ) was added into benzene-<i6 (500 | iL ) solut ion o f 
Rh( t tp )H 8 (0.002 m m o l ) in an N M R tube under N2. The red solut ion was degassed 
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for three freeze-thaw-pump cycles and the N M R tube was flame-sealed under vacuum. 
The reaction mixture was heated at 120 °C for 2 days and was monitored wi th ' H 
N M R spectroscopy w i th N M R yields measured using the residual benzene signal as 
the internal standard. 
(6) Reaction between [Rh(ttp)]2 and PhSC^NEb 
PhS02NH2 (0.3 mg, 0.002 mmol) was added into benzene-<i6 (500 | iL) solution o f 
[Rh(ttp)]2 5 (0.002 mmol) in an N M R tube under N2. The red solution was degassed 
for three freeze-thaw-pump cycles and the N M R tube was flame-sealed under vacuum. 
The reaction mixture was stored at room temperature for 6 days and was monitored 
wi th N M R spectroscopy w i th N M R yields measured using the residual benzene 
signal as the internal standard. 
(7) Reactions of Rh(ttp)H and Rh(ttp)NHS02Ph in Benzene-r/e 
Rh(ttp)NHS02Ph 3a (1.5 mg, 0.002 mmol) was added into benzene-c?6 (500 | iL) 
solution o f Rh(t tp)H 8 (0.001 mmol) in an N M R tube under N2. The red solution was 
degassed for three freeze-thaw-pump cycles and the N M R tube was flame-sealed 
under vacuum. The reaction mixture was stored at room temperature for 3 days and 
was monitored w i th N M R spectroscopy wi th N M R yields measured using the 
residual benzene signal as the internal standard. 
8 2 
References: 
(1) Metal and Metalloid Amides: synthesis, structures, and physical and chemical 
properties', Lappert, M . R, Power, R P., Sanger, A . R.，Srivastava, R. C., Eds; 
E l l is H o r w o o d L imi ted : Br i ta in, 1980. 
(2) Hol land, P. L . ; Andersen, R. A . ; Bergman, R. G ; Hunang, J.; No lan, S. P. J. Am. 
Chem. Soc. 1997，119, 12800-12814. 
(3) Ful ton, J. R.; Hol land, A . W.; Fox, D. J.; Bergman, R. G. Acc. Chem. Res. 2002， 
35, 44-56. 
(4) L iang, L . -C. ; Chien, P.-S.; L in , J.-M.; Huang, M . - H ; Huang, Y.-L. ; Liao，J.-H. 
Organometallics 2006, 25, 1399-1411. 
(5) Hasegawa, Y.; Watanabe, M . ; Gridnev, I. D. ; Ikar iya, 丁. J. Am. Chem. Soc. 2008, 
750,2158-2159. 
(6) Pawl ikowsh i , A . V.; Getty, A . D. ; Goldberg, K . I. J. Am. Chem. Soc. 2007, 129, 
10382-10393. 
(7) Utsunomiya, M . ; Kuwano , R.; Kawatsura, M . ; Har tw ig , J. F. J, Am. Chem. Soc. 
2 0 0 3 ,1 2 5 , 5608-5609. 
(8) (a) Har tw ig , J. F. Angew. Chem. Int. Ed. 1998, 37, 2046-2067. (b) Wol fe, J. P.; 
Wagaw, S.; Marcoux , J.-R; Buchwald, S. L . Acc. Chem. Res. 1998，57, 805-818. 
(9) Senn, H. M.，Blochl, P. E.; Togni, A . J. Am. Chem. Soc. 2000,122 ’ 4098-4107. 
8 3 
(10) Bryndza, H . E.; Fong, L . K . ; Paciello, R. A . ; Tarn, W.; Bercaw, J. E. J. Am. 
Chem. Soc. 1987,1 0 9 , 1444-1456. 
(11) (a) Pearson, R. G. J. Am. Chem. Soc. 1963, 85, 3533-3539. (b) Pearson, R. G. J. 
Chem. Educ. 1968, 45, 643-648. 
(12) Har tw ig , J. R ; Anderson, R. A . ; Bergman, R. G. Organometallics 1991, 10, 
1875-1887. 
(13) Inorganic Chemistry; Wulfsberg, G.，Ed.; Univers i ty Science Books: Sausalito, 
C A , 2000. 
(14) Inorganic Chemistry; Miessler, G. L. , Tarr, D . A.，Eds.; Prentice-Hall , Inc.: N e w 
Jersey, 1999. 
(15) Glueck, D . S. Dalton Trans, 2008，5276-5286. 
(16) Hol land, P. L . ; Andersen, R. A . ; Bergman, R. G. Comments Inorg. Chem. 1999, 
21, 115-129. 
(17) Cetinkaya, B. ; Lappert, M . R ; Torroni, S. J. Chem. Soc., Chem. Commun. 1979, 
843-844. 
(18) Kaplan, A . W.; Ritter, J. C.; Bergman, R. G. J. Am. Chem. Soc. 1998，120, 
6828-6829. 
(19) Campora, J.; Matas, I.; Palma, P.; Gra i f f , C; T i r ip icch io , A . Organometallics, 
2005, 24’ 2827-2830. 
8 4 
(20) Principle of Bioinorganic Chemistry; Lippard, S. J., Berg, J. M . , Eds.; 
Univers i ty Science Books: M i l l Valley, CA，1994. 
(21) Watt, G. W.; Crum, J. K . J. Am. Chem. Soc. 1965, 87, 5366-5370. 
(22) Joslin, F. L . ; Johnson, M . P.; Mague, J. T.; Roundhi l l , D . M . Organometallics 
1 9 9 1 , 1 0 , 2781-2794. 
(23) Matsunaga, P. T.; Hess, C. R.; Hi l lhouse, G. L . J. Am. Chem. Soc. 1994，116, 
3665-3666. 
(24) Fryzuk, M . D. ; Montgomery, C. D. Coord. Chem. Rev. 1989, 95, 1-40. 
(25) D iamond, S. E.; Mares, F. J. Organomet. Chem. 1977 ,142 , C55-C57. 
(26) Har tw ig , J. F. J. Am. Chem. Soc. 1996,118, 7010-7011. 
(27) Matas, I, ; Campora, J.; palma, P.; Alvarez，E. Organometallics 2009, 28, 
6515-6523. 
(28) Bryndza, H . E.; Ful tz, W. C.; Tarn, W. Organometallics 1985, 4, 939-940. 
(29) Cowan, R. L . ; Trogler, W. C. Organometallics 1987, 6, 2451-2453. 
(30) Glueck, D . S.; W ins low , L . J. N . ; Bergman, R. G. Organometallics 1991，10, 
1462-1479. 
(31) Vi l lanueva, L . A . ; Abboud, K . A . ; Boucel la, J. M . Organometallics 1994, 13, 
3921-3931. 
(32) (a) Dr iver , M . S.; Har tw ig , J. F. J. Am. Chem. Soc. 1995 , 117, 4708-4709. (b) 
8 5 
Hartwig, J. F. Acc. Chem. Res. 1998, 31, 852-860. 
(33) Driver, M . S.; Har twig, J. F. J. Am. Chem. Soc. 1996,118, 7217-7218. 
(34) Fulton, J. R.; Sklenak, S.; Bouwkamp, M . W.; Bergman, R. G. J. Am. Chem. Soc. 
2007，124, 4722-4737. 
(35) The Porphyrin Handbook Volumn 3; Kadish, K . M . , Smith, K . M . , Gui lard, R., 
Eds.; Academic Press: Boston, 2000. 
(36) Porphyrins and Metalloporphyrins-, Smith, K . M. , Ed.; Elsevier Scientif ic Pub. 
Co.: N e w York, 1975. 
(37) Fleischer, E. B. Acc. Chem. Res. 1970，3, 105-112. 
(38) Mansuy, D. ; Batt ioni , P.; Mahy, J. P. J. Am, Chem. Soc. 1982，104, 4487-4489. 
(39) Mahy, J. P.; Batt ioni , P.; Mansuy, D. J. Am. Chem. Soc. 1986，108, 1079-1080. 
(40) Huang, J.-S.; Sun, X. -R. ; Leung, S. K.-Y.; Cheung, K . -K . ; Che, C. -M. Chem. 
Eur. J. 2000, 6, 334-344. 
(41) Thorman, J. L . ; Guzei，I. A . ; Young, V. G , Jr.; Woo, L . K . Inorg. Chem. 1999，38, 
3814-3824. 
(42) Leung, S. K. -Y. ; Huang, J.-S.; Zhu, N . ; Che, C. -M. Inorg. Chem. 2003，42, 
7266-7272. 
(43) De l Rossi, K . J.; Zhang, X . -X . ; Wayland, B. B. J. Organomet. Chem. 1995，504, 
47-56. 
8 6 
(44) Poszmik, G ; Carrol l , P. J.; Wayland, B. B. Organometallics 1993, 12, 
3410-3417. 
(45) Sherry, A . E.; Wayland, B. B. J. Am. Chem. Soc. 1990，112, 1259-1261. 
(46) (a) Tse, M . K . ; Chan, K . S. J. Chem. Soc. Dalton Trans. 2001, 510-511. (b) 
Zhang, L . ; Chan, K . S. J. Organomet. Chem. 2006, 691, 3782-3787. (c) Zhang, 
L . ; Chan, K . S. J. Organomet. Chem. 2007, 692, 2021-2027. (d) Chan, K . S.; L i , 
X . Z. ; Fung, C. W. ; Zhang, L . Organometallics 2007，26, 20-21. 
(47) Chan. K . S.; Chiu, P. R ; Choi , K . S. Organometallic, 2007, 2(5, 1117-1119. 
(48) Chan, Y. W.; Chan, K . S. Organometallics 2008, 27, 4625-4635. 
(49) La i , T. H. ; Chan, K . S. Organometallics 2009，28, 6845-6846. 
(50) Chan, K . S.; Lau, C. M . Organometallics 2006, 25, 260-265. 
(51) A lder , A . D. ; Logon, F. R.; Finarel l i , J. D. ; Goldmacher, J.; Assour, J.; Korsakof, 
L . J. Org. Chem. 1967, 32, 476. 
(52) Zhou, X . ; L i , Q.; Mak , T. C. W. ; Chan, K . S. Inorg. Chim. Acta 1998，270, 
551-554. 
(53) Ogoshi, H . ; Setsune, J.; Omura, T. ; Yoshida, Z. J. Am. Chem. Soc. 1975，97, 
6461-6466. 
(54) (a) Lyman, W. J.; Reehl, W. R ; Rosenblatt, D. H. Handbook of Chemical 
Property Estimation Methods: Environmental Behavior of Organic Compounds; 
8 7 
Washington, DC: Amer ican Chemical Society, 1990, Chapter 6-5. (b) Handbook 
of Chemistry and Physics; Publisher Cleveland, Chemical Rubber Pub. Co., 
2004，Chapter 8-45. 
(55) L ide, D. R. Handbook of Organic Solvents; CRC Press: Boca Raton, FL , 1995 
(56) Luo, Y . R. Handbook of Bond Dissociation Energies in Organic Compounds, 
Boca Raton, Fla.: CRC Press, 2002 
(57) Au，C. C.; La i , T. H. ; Chan, K . S. J. Organomet Chem. 2010, 695, 1370-1374. 
(58) Choi , K . S. Unpubl ished result, 2009 
(59) Wayland, B. B. ; Ba, S.; Sherry, A . E. J. Am. Chem. Soc. 1991,113, 5305-5311. 
(60) Wayland, B. B. ; Cof f in , V. L. ; Farnos, M . D. Inorg. Chem. 1988，27, 2745-2747. 
(61) a) Paonessa, R. S.; Thomas, N . C.; Halpern, J. J. Am. Chem. Soc. 1985，107, 
4333-4335. b) Chan, Y. W.; Chan, K . S. J. Am. Chem. Soc. 2010，132, 
6920-6922. 
(62) Ohk i , Y.; Takikawa, Y.; Hatanaka, T.; Tatsumi, K . Organometallics 2006, 25, 
3111-3113. 
(63) a) Bu l lock , R. M . ; Samsel，E. G. J. Am. Chem, Soc. 1987, 109, 6542-6544. b) 
Bu l lock , R. M . ; Samsel, E. G. J. Am. Chem. Soc. 1990，112, 6886-6898. 
(64) Fu, X . ; Wayland, B. B. J. Am. Chem. Soc. 2004，126, 2623-2631. 
(65) Handoo, K . L . ; Cheng, J.-R; Parker, V. D. J. Chem. Soc., Perkin Trans. 2, 2001， 
8 8 
1476-1480. 
(66) Fung, H . S.; Chan, Y. W.; Cheung, C. W.; Choi, K . S.; Lee, S. Y.; Qian, Y. Y.; 
Chan, K . S. Organometallic, 2009, 28, 3981-3989. 
(67) Wayland, B. B. ; V a n Voorhees, S. L . ; Wi l ke r , C. Inorg. Chem. 1986，25, 
4039-4042. 
(68) (a) M a k , K . W.; Chan, K . S. J. Am. Chem. Soc. 1998，120’ 9686-9687. (b) Mak， 
K . W.; Xue，R; M a k , T. C. W.; Chan, K . S. J. Chem. Soc., Dalton Trans. 1999, 
79,3333-3334. 
(69) (a) A lder , A . D. ; Longo, F. R.; Shergalis, W. J. Am. Chem. Soc. 1964, 86, 
3145-3149. (b) M a k , K . W. Ph D. Thesis, The Chinese Univers i ty o f Hong Kong, 
1998. 
(70) Toma, T.; Shimokawa, J.; Fukuyama, T. Org. Lett. 2007, 9，3195-3197. 
(71) Chan, K . S.; M a k , K . W.; Tse, M . K . ; Yeung，S. K . ; L i , B . Z. ; Chan, Y. W. J. 
Organomet. Chem. 2008，693, 399-407. 
8 9 
Appendix I 
X-ray Data of (H20)Rh(ttp)NHS02Ph 
C2rC23 
Figure 1 ORTEP presentation o f molecular structure o f (H20)Rh(t tp)NHS02Ph (30% 
thermal ellipsoids) 
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Figure 2 The conformations o f porphyrins in (H20)Rh(t tp)NHS02Ph showing the 
displacement o f the core atoms and o f Rh f rom the 24-atom least squares 
plane o f porphyrin core ( in pm; negative values correspond to 
displacement towards the amido ligands). Absolute values o f the angles 
between pyrrole rings and least-squares plane and angles between toly l 
substituents and the least-squares plane are shown in bold. 
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Table 1. Crystal Data and Structure Refinement Parameters for 3a 
Identification code cca301 
Empirical formula C54H44N503RhS 
Formula weight 945.91 
Temperature 296(2) K 
Wavelength 0.71073 A 
Crystal system, space group Tetragonal, 14(1 )/a 
Space group 14(1 )/a 
Unit cell dimensions a = 25.2269 (11) A alpha = 90 deg. 
b = 25.2269 (11) A beta = 90 deg. 
c = 32.8349 (14) A gamma = 90 deg. 
� Volume 20896.0 (16) (A3) 
Z, Calculated density 16，1.203 M g W 
Absorption coefficient 0.411 mm"^  
F(000) 7808 
Crys ta l size 0.40 x 0.30 x 0.20 m m 
Theta range for data collection 1.02 to 25.24 deg 
Limiting indices -30<=h<=30，-15<=k<=26, -39<=1<=39 
Reflections collected / unique 73897 / 9463 [R(int) = 0.1093] 
Completeness to ^ = 28 100.0 % 
Absorption correction multi-scan 
Max. and min. transmission 0.7456 and 0.6179 
Refinement method Full-matrix least-squares on F 
Data / restraints / parameters 9463 / 0 / 577 
Goodness-of-fit on F^ 0.929 
91 
Final R indices [I>2sigma(I)] R1 = 0.0595, wR2 = 0.1311 
R indices (all data) R1 = 0.1235, wR2 = 0.1498 
Largest diff. peak and hole 0.707 and -0.329 e. A'^  
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Table 2 Bond lengths [A ] and angles [deg] for 3a 
Rh( l ) -N(2 ) 2.009(4) C(16)-C(17) 1.430(7) 
Rh( l ) -N(5 ) 2.011(4) C(17)-C(18) 1.346(7) 
Rh ⑴ - N ( 3 ) 2.030(4) C(18)-C(19) 1.426(7) 
R h ( l ) - N ( l ) 2.032(4) C(19)-C(20) 1.377(7) 
Rh( l ) -N(4 ) 2.040(4) C(20)-C(51) 1.510(7) 
R h ( l ) - 0 ( 1 W ) 2.139(3) C(21)-C(26) 1.323(8) 
S ( l ) - 0 ( 1 ) 1.443(4) C(21)-C(22) 1.335(7) 
S ( l ) - 0 ( 2 ) 1.444(4) C(22)-C(23) 1.393(9) 
S( l ) -N(5 ) 1.569(4) C(23)-C(24) 1.318(9) 
S( l ) -C(61) 1.775(6) C(24)-C(25) 1.358(10) 
N ( l ) - C ( 4 ) 1.361(6) C(24)-C(27) 1.526(9) 
N ( l ) - C ( l ) 1.400(6) C(25)-C(26) 1.403(10) 
N(2)-C(6) 1.375(6) C(31)-C(36) 1.330(8) 
N(2)-C(9) 1.376(6) C(31)-C(32) 1.347(8) 
N(3)-C(14) 1.369(6) C(32)-C(33) 1.394(10) 
N ( 3 ) - C ( l l ) 1.385(6) C(33)-C(34) 1.320(11) 
N(4)-C(16) 1.383(6) C(34)-C(35) 1.323(12) 
N(4)-C(19) 1.387(6) C(34)-C(37) 1.541(10) 
C( l ) -C(20) 1.374(7) C(35)-C(36) 1.404(10) 
C( l ) -C (2 ) 1.444(7) C(41)-C(42) 1.342(7) 
C(2)-C(3) 1.333(7) C(41)-C(46) 1.350(8) 
C(3)-C(4) 1.448(7) C(42)-C(43) 1.380(8) 
C(5)-C(6) 1.403(7) C(43)-C(44) 1.324(8) 
C(5)-C(21) 1.513(7) C(44)-C(45) 1.336(9) 
C(6)-C(7) 1.438(7) C(44)-C(47) 1.519(8) 
C(7)-C(8) 1.316(7) C(45)-C(46) 1.375(9) 
C(8)-C(9) 1.424(7) C(51)-C(56) 1.373(7) 
C(9)-C(10) 1.379(7) C(51)-C(52) 1.374(7) 
C ( 1 0 ) - C ( l l ) 1.403(7) C(52)-C(53) 1.400(8) 
C(10)-C(31) 1.511(7) C(53)-C(54) 1.363(8) 
C ( l l ) - C ( 1 2 ) 1.413(7) C(54)-C(55) 1.365(8) 
C(12)-C(13) 1.343(7) C(54)-C(57) 1.505(8) 
C(13)-C(14) 1.440(7) C(55)-C(56) 1.363(7) 
C(14)-C(15) 1.384(7) C(61)-C(62) 1.315(9) 
C(15)-C(16) 1.399(7) C(61)-C(66) 1.352(8) 
C(15)-C(41) 1.497(7) C(62)-C(63) 1.370(12) 
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C(63)-C(64) 1.366(14) C(20)-C( l ) -C(2) 126.7(5) 
C(64)-C(65) 1.320(13) N ( l ) - C ⑴ - C ( 2 ) 106.9(5) 
C(65)-C(66) 1.405(11) C(3)-C(2)-C( l ) 108.9(5) 
C(2)-C(3)-C(4) 107.4(5) 
N(2 ) -Rh( l ) -N(5 ) 91.37(17) N( l ) -C(4) -C(5) 126.0(5) 
N(2 ) -Rh( l ) -N(3 ) 90.50(17) N( l ) -C(4) -C(3) 108.7(5) 
N(5) -Rh ⑴ - N ( 3 ) 86.21(15) C(5)-C(4)-C(3) 125.2(5) 
N ( 2 ) - R h ( l ) - N ( l ) 90.17(18) C(4)-C(5)-C(6) 124.4(5) 
N ( 5 ) - R h ( l ) - N ( l ) 96.26(16) C(4)-C(5)-C(21) 119.8(5) 
N ( 3 ) - R h ( l ) - N ( l ) 177.43(16) C(6)-C(5)-C(21) 115.9(5) 
N(2 ) -Rh( l ) -N(4 ) 177.46(15) N(2)-C(6)-C(5) 125.8(5) 
N(5 ) -Rh( l ) -N(4 ) 91.08(16) N(2)-C(6)-C(7) 109.0(5) 
N ( l ) - R h ( l ) - N ( 4 ) 90.25(18) C(5)-C(6)-C(7) 125.2(6) 
N(2) -Rh ⑴ - O ( I W ) 90.08(14) C(8)-C(7)-C(6) 107.8(5) 
N ( 5 ) - R h ( l ) - 0 ( 1 W ) 177.59(16) C(7)-C(8)-C(9) 107.9(6) 
N ( 3 ) - R h ( l ) - 0 ( 1 W ) 91.87(14) N(2)-C(9)-C(10) 125.1(5) 
N ( l ) - R h ( l ) - 0 ( 1 W ) 85.65(14) N(2)-C(9)-C(8) 109.6(5) 
N ( 4 ) - R h ( l ) - 0 ( 1 W ) 87.45(14) C(10)-C(9)-C(8) 125.2(5) 
0 ( l ) - S ( l ) - 0 ( 2 ) 116.9(3) C(9) -C(10) -C( l l ) 125.5(5) 
0(1)-S(1)-N(5) 107.7(2) C(9)-C(10)-C(31) 118.1(5) 
0 (2 ) -S ( l ) -N (5 ) 111.0(2) C( l l ) -C(10) -C(31) 116.4(5) 
0(1) -S ⑴ - C ( 6 1 ) 104.8(3) N (3 ) -C ( l l ) -C (10 ) 125.8(5) 
O ⑵ - S ⑴ - C ( 6 1 ) 107.8(3) N (3 ) -C ( l l ) -C (12 ) 108.5(5) 
N(5) -S( l ) -C(61) 108.3(3) C(10) -C( l l ) -C(12) 125.6(5) 
C ( 4 ) - N ( l ) - C ( l ) 108.0(4) C(13) -C(12) -C( l l ) 108.6(5) 
C ( 4 ) - N ( l ) - R h ( l ) 126.6(4) C(12)-C(13)-C(14) 107.0(5) 
C ( l ) - N ( l ) - R h ( l ) 125.4(4) N(3)-C(14)-C(15) 126.5(5) 
C(6) -N ⑵ - C ( 9 ) 105.7(5) N(3)-C(14)-C(13) 108.7(5) 
C(6) -N(2) -Rh( l ) 126.8(4) C(15)-C(14)-C(13) 124.8(5) 
C(9)-N(2)-Rh(l) 127.5(4) C(14)-C(15)-C(16) 124.5(5) 
C(14 ) -N (3 ) -C ( l l ) 107.1(4) C(14)-C(15)-C(41) 117.9(5) 
C(14) -N(3) -Rh( l ) 127.2(3) C(16)-C(15)-C(41) 117.6(5) 
C ( l l ) - N ( 3 ) - R h ( l ) 125.5(4) N(4)-C(16)-C(15) 125.4(5) 
C(16)-N(4)-C(19) 106.8(4) N(4)-C(16)-C(17) 109.0(4) 
C(16) -N(4) -Rh( l ) 127.1(3) C(15)-C(16)-C(17) 125.4(5) 
C( 19)-N(4)-Rh( 1) 125.9(4) C( 18)-C(17)-C(16) 107.2(5) 
S ( l ) -N (5 ) -Rh ( l ) 133.3(3) C(17)-C(18)-C(19) 108.6(5) 
C ( 2 0 ) - C ( l ) - N ( l ) 126.4(5) C(20)-C(19)-N(4) 125.9(5) 
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C(20)-C(19)-C(18) 125.8(5) C(46)-C(41)-C(15) 121.9(5) 
N(4)-C(19)-C(18) 108.3(5) C(41)-C(42)-C(43) 121.9(6) 
C( 1 )-C(20)-C( 19) 125.6(5) C(44)-C(43)-C(42) 123.7(6) 
C( l ) -C(20)-C(51) 116.8(5) C(43)-C(44)-C(45) 114.8(7) 
C( 19)-C(20)-C(51) 117.5(5) C(43)-C(44)-C(47) 123.6(7) 
C(26)-C(21 )-C(22) 115.6(6) C(45)-C(44)-C(47) 121.5(7) 
C(26)-C(21 )-C(5) 121.0(5) C(44)-C(45)-C(46) 122.2(7) 
C(22)-C(21 )-C(5) 123.4(5) C(41 )-C(46)-C(45) 123.0(6) 
C(21)-C(22)-C(23) 122.3(6) C(56)-C(51)-C(52) 117.4(5) 
C(24)-C(23)-C(22) 122.6(7) C(56)-C(51 )-C(20) 119.9(5) 
C(23)-C(24)-C(25) 115.8(7) C(52)-C(51)-C(20) 122.7(5) 
C(23)-C(24)-C(27) 121.7(7) C(51 )-C(52)-C(53) 120.5(5) 
C(25)-C(24)-C(27) 122.4(8) C(54)-C(53)-C(52) 122.0(6) 
C(24)-C(25)-C(26) 120.8(7) C(53)-C(54)-C(55) 115.7(5) 
C(21 )-C(26)-C(25) 122.8(7) C(53)-C(54)-C(57) 120.7(6) 
C(36)-C(31 )-C(32) 117.4(6) C(55)-C(54)-C(57) 123.6(6) 
C(36)-C(31)-C(10) 121.3(6) C(56)-C(55)-C(54) 123.7(5) 
C(32)-C(31 )-C( 10) 121.3(6) C(55)-C(56)-C(51) 120.6(5) 
C(31 )-C(32)-C(33) 121.4(8) C(62)-C(61 )-C(66) 121.4(7) 
C(34)-C(33)-C(32) 121.9(8) C(62)-C(61)-S( l ) 119.2(6) 
C(33)-C(34)-C(35) 115.8(9) C(66)-C(61)-S( l ) 119.4(6) 
C(33)-C(34)-C(37) 120.2( 10) C(61 )-C(62)-C(63) 119.1(9) 
C(34)-C(35)-C(36) 124.2(9) C(64)-C(63)-C(62) 121.3(11) 
C(31 )-C(3 6)-C(35) 119.1(7) C(65)-C(64)-C(63) 119.3(11) 
C(42)-C(41 )-C(46) 114.2(6) C(64)-C(65)-C(66) 119.7(11) 
C(42)-C(41 )-C( 15) 123.8(5) C(61 )-C(66)-C(65) 119.2(8) 
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Appendix II 
List of Spectra 
No Spectra Page 
1 1H N M R Spectrum o f Rh(ttp)NHS02Ph 97 
2 13c N M R Spectrum o f Rh(ttp)NHS02Ph 97 
3 1h N M R Spectrum o f RhCttpXCgEUNOz) 98 
4 1H N M R Spectrum o f (PhNH2)Rh(ttp)Cl 98 
5 N M R Spectrum o f Rh(ttp)CO"Pr 99 
6 13c N M R Spectrum o f Rh(ttp)CO"Pr 99 
7 ' H N M R Spectrum o f Rl i ( t tp)NHTs 100 
8 13c N M R Spectrum o f Rh(ttp)NHTs 100 
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